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Abstract 
 Performing exercise regularly is important for individual and society, yet effective 
self-regulation can be difficult. The present thesis builds upon previous literature by 
examining whether the content of individuals motives influence their ability to effectively 
self-regulate in the exercise domain. It is well-known autonomous motives enhance optimal 
exercise engagement relative to controlling motives. However, it is not well understood 
whether these motives also explain the frequency of, and emotional responses to, lapse, 
outcomes of which have implications for long-term exercise adherence. Similarly, although a 
positive link between autonomous motivation and the ability to persist amidst adversity may 
explain broader self-regulatory outcomes (e.g., greater exercise longevity), it is not 
comprehensively known whether priming autonomous motivation, which may complement 
more explicit motivational manipulations, can also promote persistence. Interestingly, 
priming autonomous motivation may also render individuals more inclined to plan more 
optimal exercise plans following persistence-requiring engagement, however, this effect has 
only been demonstrated in the absence of prior persistence. Finally, although distinct motives 
for exercise explain adherence to attendance-related intentions (e.g., ‘I will go to the gym 
today’), whether these motives also explain adherence to effort-related exercise intentions 
(e.g., ‘I will exercise at a high-intensity today’) remains uninvestigated.  
 To address these gaps in extant literature, Study 1 and 2 investigated whether distinct 
motivational regulations explained the prevalence of lapse, and the extent to which guilt, 
anxiety, and relief manifest as a result of lapsing. Study 3 and 4 examined whether priming 
autonomous motivation (relative to a controlling motivation and neutral prime) facilitated 
persistence during a task designed to elicit repeated failure, as well as subsequent plans to 
engage in exercise. Finally, Study 5 investigated whether promoting more autonomous 
motivation better enabled individuals to align with their effort-based intentions during a 
challenging cycle session, relative to promoting controlling motivation.   
 Across five studies, findings partially support reasoning that autonomous motives 
should aid self-regulation in the exercise domain relative to controlling motives. Study 1 and 
2 consistently demonstrated autonomous motivation to be important for protecting against 
lapse and maladaptive emotional responses to lapse. Controlling motives, in contrast, did not 
protect against lapse, and introjected regulation associated with enhanced post-lapse guilt and 
anxiety. Study 3 and 4 revealed that priming autonomous motivation (relative to a controlling 
motivation and neutral prime) did not enhance persistence or exercise plans, a finding likely 
explained by either a failed priming manipulation or the influence of unknown moderators. 
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Finally, a choice-based motivational manipulation did not create distinct motivational states 
as expected, thus precluding a test of hypothesised effects. Exploratory analyses on 
individual differences, however, suggests more autonomous motivation may not facilitate 
intentions-effort congruence. 
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Exercise and Lapse 
Exercise represents a subcategory of physical activity that is ‘planned, structured, 
repetitive, and aims to improve or maintain one or more components of physical fitness’ 
(WHO, 2018). Exercise may thus be considered distinct from other forms of physical activity 
wherein engagement is incidental, and/or not planned or structured (e.g., doing the gardening, 
without any consideration for fitness maintenance or improvement). Exercise is of high value 
to individual and society because it promotes and maintains physical (Lee et al., 2012) and 
psychological health (Da Silva et al., 2012; Helgadóttir, Forsell, & Ekblom, 2015; O'connor 
& Puetz, 2005), enables opportunities to build and maintain relationships (Kinnafick, 
Thøgersen-Ntoumani, & Duda, 2014), and helps reduce the economic burden associated with 
ill-health (Ding Ding et al., 2016). Exercise also provides an avenue for conducting physical 
activity amidst social, cultural, and environmental constraints that do not favour incidental 
and unplanned physical activity (Peters, Wyatt, Donahoo, & Hill, 2002). Given the health 
benefits of being physically active, the World Health Organisation provide physical activity 
guidelines for individuals of all ages (WHO, 2010). For instance, adults are advised to 
conduct a minimum of 150 minutes physical activity each week at a moderate-intensity (or 
half this amount if performed at a vigorous intensity). Exercise represents a useful modality 
for enabling individuals to meet these physical activity guidelines because many individuals 
plan to engage in exercise regularly (Plotnikoff, Hotz, Birkett, & Courneya, 2001). Indeed, 
approximately 80% of over 3000 US, Canadian, British, and Australian individuals indicated 
at least some intention to engage in moderate-to-vigorous physical activity (synonymous with 
exercise given its planned nature) for at least fifteen minutes three times a week (Marshall & 
Biddle, 2001).  
Despite intentions to engage in exercise they are often not adhered to (Schumacher, 
Arigo, & Thomas, 2017). Individuals may initially intend to do exercise only to fail to follow 
through with such intentions. In line with previous literature (Marlatt & Donovan, 2005), not 
following through with an episodic intention whilst yet (implicitly or explicitly) remaining 
engaged with a longer-term goal (e.g., continued exercise engagement), is here referred to as 
a lapse. However, it is important to note that lapse so defined is referred to elsewhere as a 
slip (Stetson et al., 2005); lapse has also been regarded as a one-week period without 
adhering to exercise plans (Simkin & Gross, 1994). Furthermore, lapse should be 
distinguished from the term relapse, which typically refers to longer-term disengagement 
(e.g., 3 months or more; Sallis et al., 1990) or a return to the previous problematic behaviour 
pattern (Marlatt & Donovan, 2005). Lapse in planned exercise is a common occurrence, for 
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instance, overweight women engaged in a six-week exercise programme lapsed on average 
once each week (Schumacher et al., 2017). Similarly, individuals adhering to an exercise 
programme over 14 weeks (Antoniewicz & Brand, 2016) and 10 weeks (Edmunds, 
Ntoumanis, & Duda, 2008), attended, on average, only 79% and 59% of planned exercise 
sessions, respectively. 
Lapsing in planned exercise is likely to be detrimental for optimal exercise 
engagement, for it reduces the amount of exercise individuals engage in overall. This is 
demonstrated in overweight exercisers lapsing most often during a 6-week programme 
conducting the lowest levels of exercise (Schumacher et al., 2017). This outcome mirrors 
findings in the dietary domain, wherein lapse in dietary goals is detrimental for weight-loss 
(Forman et al., 2017). Furthermore, lapse in smoking and alcohol abstinence often positively 
predicts subsequent lapse (Kirchner, Shiffman, Wileyto, 2012), and complete disengagement 
(Shiffman et al., 1996). Individuals may ‘bounce-back’ from lapse in planned exercise by 
enacting fresh exercise plans. However, such reparatory behaviour may be the exception 
rather than the rule. Indeed, time-constraints often prevent the creation of fresh intentions 
(Reichert, Barros, Domingues, & Hallal, 2007). 
Moreover, lapse in planned exercise exposes individuals to a medium where they may 
experience emotions likely to further harm exercise adherence. Guilt, defined as an 
unpleasant emotional state associated with objections to one’s actions, inaction, 
circumstances, or intentions (Baumeister, Stillwell, & Heatherton, 1994), is one such emotion 
which may be experienced in response to lapse when lapse is perceived by individuals as a 
wrongdoing. Guilt can orient attention towards making reparations (Graton, Ric, & Gonzalez, 
2016), and even promote reparation in certain situations (Hofmann & Fisher, 2012). Yet, 
because guilt is unpleasant it can also disrupt effective self-regulation, defined as ‘the process 
of purposefully directing one’s actions, thoughts, and feelings toward a goal’ (Carver & 
Scheier, 2011). Guilt disrupts regulatory processes because when individuals feel bad, they 
are increasingly likely to enact immediately gratifying behaviours, which often conflict with 
behaviours important for effective self-regulation (Tice & Bratslavsky, 2000). For instance, 
being in a bad mood promotes aggressiveness (Anderson & Bushman, 2002), alcohol 
consumption (Witziewitz & Villarreol, 2009), and risky behaviours (Raghunathan & Pham, 
1999), negative affect promotes binge eating and dieting failures (Crosby et al., 2009; Hilbert 
& Tuschen‐Caffier, 2007), and smoking and alcohol abstinence relapse often is preceded by 
negative emotional episodes (Magid et al., 2009; Todd, 2004). Guilt may also hinder 
adherence by reactivating, via associative processes, the very behaviours intended for 
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suppression (Hofmann & Fisher, 2012). That is, ruminating about lapse in an effort to avoid 
its future occurrence may, ironically, make lapse as a behavioural opportunity more 
cognitively available, particularly when individuals mental capacity is under strain (Dugdale 
& Eklund, 2003). This proposed effect is conceptually similar to how attempting to suppress 
thoughts about a white bear ironically facilitates the frequency of such thoughts relative to 
not being asked to suppress such thoughts (Wegner, Schneider, Carter, & White, 1987). 
Empirical evidence supports the proposed link between guilt and disengagement, for 
instance, guilt experienced following self-control failure promoted the likelihood individuals 
did not override a conflicting desire in a subsequent domain-specific goal-desire conflict 
(Hofmann & Fisher, 2012). Similarly, guilt experienced after exceeding self-imposed alcohol 
consumption limits promoted greater next day alcohol consumption (Muraven, Collins, 
Morsheimer, Shiffman, & Paty, 2005). Finally, upon controlling for baseline exercise 
frequency and duration, guilt experienced following a lapse in planned exercise negatively 
predicted the frequency and duration of exercise individuals engaged in three months later 
(Stetson et al., 2005). 
Anxiety refers to a state of high arousal and negative valence, characterised by 
tension and worry, and can include sweating, dizziness, and increased blood pressure and 
heart rate (Calhoon & Tye, 2015). Anxiety may also hinder long-term exercise adherence 
when experienced following lapse, for the same reason guilt is proposed to exert a 
detrimental influence. That is, anxiety is conceptually related to guilt (Baumeister et al., 
1994), and characterised by negative affect, a general dimension of subjective distress 
(Watson, Clark, & Tellegen, 1988). Thus, while anxiety may promote reparation to reduce 
future distress in some instances, its aversive nature may also play a role in facilitating 
further lapse or even complete disengagement (Baumeister & Heatherton, 1996). Anxiety 
occurs following lapse in planned exercise when lapse is perceived by individuals to have 
adverse effects. Lapse, for instance, may elicit worry about a gym partner individual's 
perceived to have let down, or promote concerns about how physical development may 
suffer. Research has yet to investigate whether anxiety experienced following lapse in 
planned exercise hinders regulatory processes. However, anxiety in abstinence literature 
represents a strong predisposing factor of why lapse results (Brandon, Tiffany, Obremski, & 
Baker, 1990). 
Relief, defined as a ‘positively valenced affect that occurs when a threat is removed or 
avoided’ (Carver, 2009, p. 125), may also hinder long-term adherence when experienced 
following lapse because, from a hedonic perspective (Williams & Evans, 2014), individuals 
  
14 
repeat behaviours that make them feel good and avoid behaviours that make them feel bad. 
Experiencing positive affective or emotional signals during exercise strongly and positively 
predicts long-term engagement (Ekkekakis, Hargreaves, & Parfitt, 2013; Hagberg, Lindahl, 
Nyberg, & Hellénius, 2009; Williams et al., 2008). Thus, it is plausible that similarly positive 
emotions like relief, when experienced following (unplanned) exercise disengagement, may 
elicit contrasting effects (i.e., dropout). According to the Affective-Reflective Theory of 
Physical Inactivity and Exercise (Brand & Ekkekakis, 2018), relief may exert a particularly 
detrimental influence on subsequent adherence to goals when individuals feel unable to 
overcome conflicting temptations. Relief results following lapse in planned exercise both 
when exercise engagement is perceived as threatening, and when lapse is regarded to remove 
that threat. One may query why plans would be made to engage in exercise when perceived 
to be threatening. However, even momentary consideration on this point should evoke 
instances wherein exercise is conducted, not for fun or perceived benefits, but rather because 
of internal or external pressures (e.g., to satisfy a friends wishes that one should attend 
weekly exercise classes; Teixeira, Carraça, Markland, Silva., & Ryan, 2012). 
Considering the value of exercise for achieving various desirable outcomes (e.g., 
improved physical and psychological health), it is of clear interest to identify ways of 
reducing lapse prevalence and maladaptive emotional responding to lapse (i.e., guilt, anxiety, 
and relief). Indeed, considerable variability in lapse prevalence and emotional responding to 
lapse exists at the inter-individual and intra-individual level (Carver, 2009; Ntoumanis et al., 
2014a; Schumacher et al., 2017), thus indicating the possibility such outcomes may be open 
to intervention. Furthermore, reducing lapse and maladaptive emotions following lapse is 
particularly important given global physical activity levels are suboptimal (Sallis et al., 
2016), and exercise represents a viable means for meeting or exceeding physical activity 
recommendations (Biddle, Mutrie, & Gorely, 2015). Guilt and anxiety, when experienced 
regularly, may also have implications for optimal wellbeing (Kim, Thibodeau, & Jorgensen, 
2011). Promisingly, various factors have been identified which explain why plans are not 
adhered to, the likes of which may help inform policy and intervention aimed at reducing 
lapse. For instance, self-regulation failure is more likely when implementation intentions 
(i.e., action plans) are not made detailing when, where, and how an activity is to be conducted 
(Wieber & Gollwitzer, 2016), and when individuals do not regularly monitor whether 
behaviour aligns with intentions (Harkin et al, 2016). Also, having low self-efficacy 
(following lapse) for exercise reengagement (Schumacher et al., 2017), being around social 
others prior to planned exercise (Stetson et al., 2005), and not employing positive cognitive 
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coping strategies during situations that pose a high risk of lapse (Stetson et al., 2005), also 
increases the prevalence of lapse. 
However, the factors explaining inter-individual and intra-individual variability in 
levels of guilt, anxiety, and relief following lapse remain poorly understood, thus precluding 
informed interventions aimed at limiting these potentially maladaptive outcomes. Also, a 
comprehensive motivational account of lapse prevalence has yet to be provided, which is 
surprising considering all but the most unavoidable of lapses (e.g., injury, illness) arguably 
reflect insufficient motivation to engage in planned exercise (e.g., stress, lack of energy). 
That is, individuals are often able to adhere to exercise plans but choose to opt against it. 
While self-efficacy theory may help explain lapse frequency (e.g., Stetson et al., 2005), 
because this theory does not address the fundamental why of engagement (Ryan & Deci, 
2006) it may yet provide a suboptimal account of adherence. Self-efficacy theory 
acknowledges that beliefs about whether an action can be performed or not are critical for 
explaining whether individuals will follow through with an action, but does not consider the 
underlying reasons individuals have for engagement. Similar criticisms can be levelled 
against attributional accounts of adherence. Understanding individuals reasons for 
engagement may help uncover factors explaining lapse prevalence, and thus better inform 
interventions to reduce lapse, and inadherence more generally. Indeed, such motives are 
strong predictors of effective self-regulation in the exercise domain, including exercise 
programme adherence (Kinnafick et al., 2014), exercise goal progress (Smith et al., 2011), 
and effort investment during exercise (Ntoumanis et al., 2014b).  
Self-Determination Theory and Lapse 
Self-Determination Theory (SDT; Ryan & Deci, 2017) is a theory of motivation well-
placed to explain variability in prevalence of lapse in planned exercise for it sets out the 
factors which are critical for the energisation of exercise engagement. Specifically, SDT 
maintains that, when individuals are motivated for autonomous reasons, which refers to 
motives which emanate from individuals sense of self (i.e., engagement perceived to be 
authentic and non-pressuring), they should be able to effectively recruit their energetic, 
cognitive, and affective resources. In contrast, however, when individuals are motivated for 
controlling reasons, which refers to motives at odds with individuals sense of self (i.e., 
engagement perceived to be pressuring), they should experience greater difficulty recruiting 
the resources necessary for engagement (Ryan & Deci, 2017). In other words, when 
individuals do exercise for autonomous reasons that are interesting and fun (i.e., intrinsic 
motivation), coherent with all aspects of one’s sense of self (i.e., integrated regulation) or 
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personally valuable (i.e., identified regulation), then they should engage more optimally than 
individuals that do exercise for controlling reasons such as the desire to avoid feelings of 
guilt or obtain social approval (i.e., introjected regulation), or because of external 
contingencies (i.e., external regulation). Lapse in planned exercise seemingly results due to 
suboptimal energetic resources. It thus follows that autonomous motives, which better enable 
the engagement of regulatory processes prior to engagement (Muraven, Gagné, & Rosman, 
2008; Ryan & Deci, 2008), should play a key role in protecting individuals against lapse. 
Controlling motives, in contrast, which are known to deplete energetic resources (Muraven et 
al., 2008; Ryan & Deci, 2008), are unlikely to elicit this same protective role and may even 
play a focal role in promoting lapse prevalence. SDT tenets are consistent with other 
theoretical accounts of motivation, such as Social Identity Theory (Slater, Coffee, Barker, & 
Evans, 2014; Tajfel, 2010), and Achievement Goal Theory (Duda & Hall, 2001), which 
acknowledge a sense of integration and competence as critical for optimal engagement. 
Autonomous motives facilitate optimal engagement relative to controlling motives 
because they better enable individuals to satisfy their innate propensities towards growth, 
unity, and integration during engagement (Ryan & Deci, 2017), which tend to manifest 
phenomenologically as increased perceptions of autonomy, competence, and relatedness. 
Autonomy refers to ‘the perceived origin or source of one’s own behaviour’ (Deci & Ryan, 
2002, p. 8), competence refers to ‘feeling effective in one’s ongoing interactions with the 
social environment and experiencing opportunities to exercise and express one’s capacities’ 
(Deci & Ryan, 2002, p. 7), and relatedness refers to ‘feeling connected to others’ (Deci & 
Ryan, 2002, p. 8). Autonomy, competence, and relatedness are commonly referred to as 
psychological needs because the extent to which they are experienced has inextricable 
positive and negative links with wellbeing and illbeing, respectively (Chen et al., 2015; Ng et 
al., 2012). Individuals possessing autonomous motives (relative to individuals possessing 
controlling motives) will have greater reason to engage in exercise often, over the long-term, 
with optimal effort, and with particular relevance to the present enquiry, without lapsing, 
because exercise engagement has greater value to individuals (e.g., Berkman, Kahn, & 
Livingston, 2016). To stress this point, it is highly intuitive that autonomously motivated 
individuals, the likes of whom typically experience autonomy, competence, and relatedness 
(Ng et al., 2012), vitality (Gunnell et al., 2014), enjoyment (Banting, Dimmock, & Grove, 
2011), and positive affect (Edmunds et al., 2008), during exercise, would be more likely to 
stick to their episodic exercise plans than individuals motivated for controlling reasons whom 
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often feel a sense of pressure, incompetence, or social isolation during engagement (Ng et al., 
2012).  
Evidence supports tenets maintaining autonomous motives are critical for various 
forms of optimal engagement relative to controlling motives. For instance, autonomous 
motives associate with more frequent (Ng et al., 2012; Teixeira et al., 2012) and prolonged 
(Pelletier, Fortier, Vallerand, & Briere, 2001) exercise engagement, and the amount of effort 
invested during physical education (Taylor, Ntoumanis, Standage, & Spray, 2010) and 
exercise (Ntoumanis et al., 2014b). Autonomous motives also associate with various 
outcomes reflective of effective self-regulation, including progress made towards exercise 
goals (Smith et al., 2007; Smith et al., 2011), and adherence to exercise programmes 
(Kinnafick et al., 2014). In contrast, although introjected regulation often positively 
associates with exercise frequency (Ng et al., 2012; Teixeira et al., 2012), this internally 
controlling regulation does not associate with longer-term engagement (Pelletier et al., 2001). 
Also, introjected regulation is often linked with markers of ill-being, such as social-physique 
anxiety and body dissatisfaction (Thøgersen-Ntoumani & Ntoumanis, 2007). External 
regulation has few links with exercise frequency (Ng et al., 2012) and effort (Taylor et al, 
2010) during exercise, and negatively associates with the longevity of engagement in exercise 
(Pelletier et al., 2001). However, as highlighted, motivations critical role in determining 
optimal exercise engagement has yet to be extended to investigate adherence to episodic 
exercise intentions. This leaves it unknown whether autonomous or controlling reasons for 
exercise attenuate or promote lapse prevalence. Given concerns exercise psychologists pay 
too little attention to the factors driving disengagement to effectively transform suboptimal 
exercise behaviours (Ekkekakis, Zenko, & Werstein, 2018), investigating lapse in planned 
exercise from a motivational perspective would help address this issue. 
Literature demonstrating distinct motivational regulations to predict affective and 
emotional responses during, following, and in relation to exercise, also indicates the real 
possibility these motives may also explain levels of guilt, anxiety, and relief following lapse. 
For instance, autonomous motives positively associate with positive affect (Edmunds et al., 
2008), vitality (Gunnell et al., 2014; Teixeira & Palmeira, 2016), and enjoyment (Murcia, de 
San Román, Galindo, Alonso, & González-Cutre, 2008; Silva et al., 2010) during exercise, 
and negatively associate with negative affect during exercise via the positive mediating 
influence of greater perceived autonomy (Gunnell et al., 2014). Autonomous regulations also 
positively associate with positive affect three hours after exercise (Guérin, Fortier, & Sweet, 
2013). Controlling motives, in contrast, are unassociated with positive affect and vitality 
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during exercise (Gunnell et al., 2014), and positively associated with negative affect during 
exercise (Daley & Maynard, 2003; Gunnell et al., 2014), and social physique anxiety 
(Thøgersen-Ntoumani & Ntoumanis, 2007). Moreover, strong conceptual links exist between 
individuals’ reasons for engagement and how they will likely feel following lapse. Introjected 
regulation, for instance, is characterised by self-worth being contingent upon engagement, 
thus suggesting lapse in planned exercise may reduce perceived self-worth. Because guilt and 
anxiety manifest following perceived wrongdoing (Baumeister et al., 1994), exercise 
increasingly guided by introjects may elicit more pronounced experiences of guilt and 
anxiety following lapse. Evidence supports this reasoning - controlling motivation positively 
predicted experiences of shame following unplanned disengagement (Ntoumanis et al., 
2014a). Yet, given this effect may be explained by other controlling motives (e.g., external 
regulation), further research is needed to confirm introjects specifically underpin this 
relationship.  
Autonomous and external regulations, however, show no indication of any underlying 
fragility in self-esteem. Actually, identified regulation for exercise positively associated with 
the tendency to show kindness to oneself (Magnus, Kowalski, & McHugh, 2010). 
Furthermore, autonomous motives and external regulation for exercise display no link with 
social physique anxiety, an outcome often negatively associated with self-esteem (e.g., 
Koyuncu, Tok, Canpolat, & Catikkas, 2010). External regulation reflects a lack of 
internalised interest in exercise, thus illustrating that lapse may not be overly bothersome to 
individuals so motivated. Thus, because autonomous and external regulations have few links 
with the extent to which self-esteem varies, it is plausible that no strong relation will exist 
between these motives and guilt and anxiety following lapse. Finally, relief manifests 
following lapse when a perceived threat is removed or avoided (Carver, 2009). Autonomous 
motives indicate exercise is unlikely to be perceived as threatening but rather as a valuable 
opportunity (Ryan & Deci, 2017), thus increased post-lapse relief should not associate with 
more autonomous motivation. Similarly, introjected individuals may not be able to rid 
themselves (following lapse) of beliefs and values suggesting lapse was a wrongdoing. Any 
acknowledged threat prior to lapse may therefore not be removed or avoided when lapse 
occurs. External regulation, in contrast, reflects a lack of internalised interest in exercise per 
se, and thus may explain variability in post-lapse levels of relief. That is, because 
increasingly externalised regulation can pose increasing discomfort during engagement (i.e., 
psychological need satisfaction is increasingly unlikely when motives are increasingly 
externally regulated; Ng et al., 2012), lapse may give rise to levels of relief proportional to 
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the perceived threat avoided. In other words, external regulation is likely to positively 
associate with relief following lapse. In light of this reasoning, and the need for further 
research to examine the motivational basis of lapse prevalence, Chapter Two aimed to 
investigate whether the motivational regulations individuals have for exercise associate with 
lapse prevalence and guilt, anxiety, and relief following lapse. 
Motivation and Persistence 
Autonomous motives relate with more effective self-regulation, at least in part, 
because goal pursuit is perceived to be easier (Werner, Milyavskaya, Foxen-Craft, & 
Koestner, 2016) and less rife with obstacles and conflicting impulses (Milyavskaya, Inzlicht, 
Hope, & Koestner, 2015; Leduc-Cummings, Milyavskaya, & Peetz, 2017). However, another 
likely mechanism explaining the link between autonomous motives and self-regulation is an 
increased ability to persevere amidst set-back or adversity (Ryan & Deci, 2017), otherwise 
known as being persistent. Persistence is often referred to as simply the duration of 
engagement (i.e., weeks, months; Pelletier et al., 2001), however, it is often implicit that such 
temporal intervals are interspersed with moments of adversity or set-back. Indeed, 
autonomous motives imbue individuals with more adaptive coping mechanisms when 
exposed to adversity (Gaudreau, Carraro, & Miranda, 2012), and promote various outcomes 
reflective of persistence. For instance, autonomous motives promoted performance during a 
high-pressure tennis serve (Englert & Bertrams, 2015), a number-string task (Muraven, 
Rosman, and Gagne, 2007, experiment 1), an incongruent stroop task (Graham, Bray, & 
Ginis, 2014; Muraven et al., 2007, experiment 2), a vigilance task (Muraven et al., 2008), and 
an impossible geometric puzzle designed to elicit repeated failure (Moller, Deci, & Ryan, 
2006), compared to controlling motives. Persistence may well be critical for effective self-
regulation given set-backs and conflicting temptations are a central part of everyday life. 
Indeed, upon being asked regularly each day for a week whether they were experiencing an 
unwanted desire (i.e., a desire individuals attempted to overcome), individuals answered in 
the affirmative approximately 23% of the time (Hofmann, Baumeister, Förster, & Vohs, 
2012). 
Considering an enhanced ability to persist may explain, in part, why autonomous 
motives positively associate with more effective self-regulation in the exercise domain, an 
obvious question of interest is whether promoting more autonomous motivation gives rise to 
an enhanced tendency to persist. Such enquiry has value considering it would help remove 
concerns that extant links between motivation and persistence may be explained by unknown 
third variables (Rutter, 2007). Furthermore, establishing causal links would inform policy 
  
20 
makers and practitioners of viable tools available to enhance factors linked with more optimal 
engagement. Much literature shows that explicit interventions to promote autonomous 
motivation, such as giving individuals choice (e.g., Legault & Inzlicht, 2013), showing 
individuals they are valued and not forced to participate (Muraven et al., 2008), and 
providing individuals with a meaningful rationale for doing the activity (Deci, Eghrari, 
Patrick, & Leone, 1994), do indeed enhance persistence relative to promoting controlling 
motivation. However, it has yet to be comprehensively established whether promoting more 
autonomous motivation using implicit modalities may be similarly beneficial.  
Investigating whether implicit modalities similarly influence persistence is of interest 
because explicit motivational manipulations (e.g., the provision of choice) often have 
extensive dependency upon personnel (e.g., Silva et al., 2010), which may sometimes make 
them unfeasible options for intervention. In a gym environment instructors are well suited to 
support individuals need for autonomy in order to facilitate autonomous functioning. They 
may inform or remind individuals of the value of certain exercises, guide individuals towards 
alternative activities which are yet in line with fitness goals, or reinforce a mastery climate 
whereby competition and social comparison is downplayed (Standage, Duda, & Ntoumanis, 
2003). However, instructors may also be too few to effectively implement such intervention. 
Often only one or two instructors are employed to oversee dozens of exercisers, thus 
preventing the possibility of any feasible widespread application. It must also be 
acknowledged that instructor intervention, for some individuals, may be undesired. Add to 
this the possibility that explicit modalities are limited in their breadth of application (after all, 
individuals tasked to deliver motivational interventions are not present in all situations where 
enhanced persistence may aid effective regulation of exercise goals, e.g., the drive home from 
work prior to attending the gym), and we can begin to identify how explicit approaches to 
aiding persistence has its limitations. Implicit approaches to facilitating persistence have 
value because they can be applied without the need for personnel (Papies, 2016), and may 
complement explicit approaches by providing a motivational input when relevant personnel 
are not actively intervening. Implicit modalities also have the potential to remain in place 
long-term (Papies, 2016), and by means of greater methodological heterogeneity, may enable 
a robust test of the motivation-persistence relationship. 
Priming, which refers to activating cognitive structures, usually outside of an 
individual’s awareness, with the aim of influencing their thoughts, feelings, or behaviour 
(Cameron, Brown-Iannuzzi, & Payne, 2012), is one such implicit modality which may be 
utilised to investigate whether implicitly promoting autonomous motivation may aid 
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persistence. Priming specific states is possible given human beings possess the innate 
tendency to automatise links between psychological states and environmental stimuli when 
consistently experienced together. In other words, priming promotes the accessibility of 
concepts, making them more likely to be utilised in subsequent cognitive and behavioural 
processes. For instance, because words such as ‘considerate’ and ‘thoughtful’ have 
inextricable links with the concept ‘kind’, then exposing individuals, either subliminally (i.e., 
participant is unaware of the prime) or supraliminally (i.e., participant is aware of the prime, 
but not its function), to such words should activate cognitive structures that increase the 
likelihood that individuals will think, feel, and behave in ways considered kind. Much 
empirical research supports the impact of priming on various theoretically congruent 
outcomes, including social norms, attitudes, judgements, goals, and behaviour (Bargh, 2006; 
Bargh, Gollwitzer, Lee-Chai, Barndollar, & Trötschel, 2001; Hertel & Kerr, 2001), thus 
suggesting priming may also be utilised to aid persistence, and in its downstream effects, the 
quality of exercise engagement. Notwithstanding these potential benefits, it is important to 
note that priming techniques have various ethical implications (Smith, Goldstein, & Johnson, 
2013) in that recipients of priming interventions must, by definition, remain unaware of 
intended or actual consequences. 
Despite wide-ranging support for priming effects, it should be noted that some 
priming effects have been called into question. Shanks et al (2013), for instance, with 475 
participants over 9 experiments, found priming the concept ‘intelligent’ did not improve 
general knowledge performance, thus contrasting with previous literature (Dijksterhuis & 
Van Knippenberg, 1998). Similarly, priming the concept ‘achievement’ did not promote 
performance during a cognitively demanding task (Harris, Coburn, Rohrer, & Pashler, 2013), 
as previous research has demonstrated (Bargh et al., 2001). In addition to these failed 
replications, concerns exist that many reported priming effects may in actuality be type 1 
errors. Indeed, publication bias and file-drawer effects are highly pervasive in psychological 
research (Francis, 2012). Furthermore, a sizeable psychological literature possess suboptimal 
statistical power for identifying the true population effect (Stanley, Carter, & Doucouliagos, 
2018), and questionable research practices, including hypothesizing after the results are 
known (i.e., HARKing), failing to report all dependent measures or conditions, or stopping 
data collection after achieving the desired result, are not atypical (John, Loewenstein, & 
Prelec, 2012; Simmons, Nelson, & Simonsohn, 2011).  
Yet, failed replications, particularly conceptual replications, may be insufficient 
evidence for confirming the non-existence of a priming effect (Cesario, 2014; Locke, 2015). 
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Indeed, given what is known about the computational nature of mind (Cesario, 2014), only 
the most robust priming effects should manifest uniformly across disparate experimental 
conditions (Cesario, 2014). Cesario (2014) supports this point by highlighting that a primes 
duration influences its strength, and that, in cases where white individuals are primed with 
black individuals (i.e., to test the effect that, when white individuals are exposed to black 
individuals instead of white individuals, they will respond to provocation more aggressively), 
the extent to which black individuals have high or low afrocentric features (Blair, Judd, 
Fallman, 2004), dark or light skin (Hagiwara, Kashy, & Cesario, 2012), or are perceived as 
dangerous (Cesario, Plaks, Hagiwara, Navarrete, & Higgins, 2010), can moderate this effect 
substantially.  
 Notwithstanding these arguments, motivational priming effects have been consistently 
demonstrated across disparate methodological conditions, thus indicating the clear potential 
of motivational primes to also enhance persistence in the exercise domain. For instance, 
individuals exposed to an autonomous motivation prime relative to a controlling motivation 
prime have elicited various outcomes reflective of more autonomous functioning, including 
greater enjoyment (Banting et al., 2011; Brown, Teseo, & Bray, 2016), and effort investment 
(Ntoumanis et al., 2014b; Radel, Sarrazin, & Pelletier, 2009), more positive attitudes about 
the activity (Brown et al., 2016), higher implicit self-esteem (Hodgins, Brown, & Carver, 
2007), more adaptive emotional expression (Weinstein & Hodgins, 2009), higher levels of 
creativity (Weinstein, Hodgins, & Ryan, 2010), and reduced levels of defensiveness 
(Hodgins, Yacko, & Gottlieb, 2006; Hodgins et al., 2010). These findings manifest in 
individuals from distinct population groups (e.g., athletes, students), using subliminal and 
supraliminal modalities, and after exposing participants to a scrambled-sentences test, a 
video-based (Ntoumanis et al., 2014b) and in-person (Scarapicchia, Sabiston, Andersen, & 
Bengoechea, 2013) monologue, sounds conditioned to elicit distinct motivational outcomes 
(Ratelle, Baldwin, & Vallerand, 2005), and motivationally-relevant words (supraliminally) on 
a digital screen (Radel et al., 2009).  
 Of particular interest to the present enquiry, priming autonomous motivation also 
facilitates persistence relative to priming controlling motivation. In one such example of this 
effect, individuals primed to experience autonomous motivation performed better and 
reported increased effort during a Powerball task (which requires individuals overcome both 
physical discomfort and failure) compared to individuals that received a neutral prime (Radel 
et al., 2009). In contrast, individuals primed to experience controlling motivation performed 
worse and reported reduced effort compared to a neutral prime condition. Similarly, 
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individuals exposed to an autonomous motivation prime or a neutral prime engaged for 
longer during a high-intensity cycling bout than individuals exposed to a controlling 
motivation prime (Ntoumanis et al., 2014b). Interestingly, individuals primed to experience 
autonomous motivation also declared more future interest in the study compared to 
individuals primed to experience controlling motivation, and persistence positively mediated 
autonomous motivations positive causal link with positive affect experienced immediately 
after the bout. Finally, individuals exposed to an autonomous motivation prime relative to a 
controlling motivation prime had more attempts at a geometric task designed to elicit 
repeated failure (Keatley, Clarke, Ferguson, & Hagger, 2014). 
 However, as previously detailed, this evidence is insufficient for confirming links 
between motivational priming and persistence, for a variety of reasons. Experimenters in two 
of these three studies were not blind to participant condition (Keatley et al., 2014; Ntoumanis 
et al., 2014b), thus leaving it unknown whether differences in task persistence truly resulted 
due to the prime. Experimenter awareness may be problematic when appraising the integrity 
of priming effects in light of research showing such awareness may be the key reason 
outcomes differ between conditions. Specifically, five experiments demonstrated that, when 
experimenters were aware of participant condition, priming effects were in line with 
experimenter expectations (Doyen, Klein, Pichon, & Cleeremans, 2012; Gilder & Heerey, 
2018). However, when experimenters were made blind to participant condition in identical 
scenarios, no such priming effects were identified (Doyen et al., 2012; Gilder & Heerey, 
2018). Another issue with previous research has been suboptimal participant numbers for 
retaining an acceptable type 1 error rate. In one such study (i.e., Keatley et al., 2014), for 
instance, only ten participants were allocated to each priming condition. Finally, a unique 
population group was utilised to test this motivational priming effect in one study (i.e., 
athletes; Ntoumanis et al., 2014b), which may harm the ability to extrapolate outcomes to 
alternative populations. In sum, further research, utilising a more robust methodology, is 
needed to better test proposals that priming autonomous motivation aids persistence relative 
to controlling motivation or neutral primes. Approaches to achieving this include ensuring 
experimenters remain blind to participant priming condition, replicating initial findings to 
better support reasoning that results represent a true effect at the population level, and 
recruiting participants that are more representative of the population of interest. 
If autonomous motivation makes persistence easier (Milyavskaya et al., 2015; Werner 
et al., 2016), then this raises the possibility that cognitive resources and vitality remain 
available for planning of subsequent events (Berkman et al., 2016; Hagger, Wood, Stiff, & 
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Chatzisarantis, 2010). In contrast, cognitively depleted individuals may be less inclined to 
make immediate plans (Sjåstad & Baumeister, 2018), plans that are less certain of being 
effectively actioned  (Lyu, Lai, & Liu, 2017), and plans to invest high effort during an 
upcoming exercise bout (Martin-Ginis & Bray, 2010), because planning involves effortful 
self-regulatory processing, control over thoughts and the mental construction of steps from 
present to a future goal state (Sjåstad & Baumeister, 2018). This idea has been demonstrated 
in depleted (self-reported) individuals planning less exercise for the following day, compared 
to less depleted individuals (Rebar, Dimmock, Rhodes, & Jackson, 2018). As such, 
autonomously motivated individuals should experience a task as less depleting, relative to 
individuals experiencing controlled motivation, therefore, they should make greater 
subsequent plans. While autonomous motivation primes have been shown to enhance both 
exercise plan duration and frequency compared to controlling motivation and neutral primes 
(Banting et al., 2011; Magaraggia, Dimmock, & Jackson, 2014), it has yet to be established 
whether such effects remain following persistence-requiring activity. Thus, the aim of 
Chapter 3 is to investigate whether priming distinct motivational states elicits differences in 
persistence and plans to engage in exercise. 
Motivation and Intentions-Effort Congruence 
As previously delineated, growing research demonstrates autonomous motives are 
crucial for promoting effective self-regulation in the exercise domain (Kinnafick et al., 2014; 
Smith et al., 2011). However, an entirely overlooked aspect of this relationship is whether 
autonomous motives aid self-regulation when intentions pertain to effort, rather than 
attendance (e.g., sticking to plans to engage in exercise). In other words, if exercise is 
conducted because it is regarded as fun or valuable, would this better enable individuals to 
invest effort in line with intentions, than if exercise was motivated to avoid feeling guilt or 
for some external contingency? Investigating whether motivation explains individual’s 
tendency to align with effort-based intentions during exercise, defined here as achieving 
intentions-effort congruence, is valuable because higher intensity exercise elicits greater 
health benefits per unit of time (WHO, 2010). Intentions-effort congruence may also be 
important for ensuring optimal physical adaptations manifest (MacInnis & Gibala, 2017; 
Marshall, McEwen, & Robbins, 2011), and for preventing stagnation in physical 
development (Fisher, Steele, Smith, & Gentil, 2018). Meeting WHO physical activity 
guidelines require individuals conduct half the amount each week if performed at a vigorous 
rather than a moderate intensity (WHO, 2010). Furthermore, a major barrier to performing 
exercise is insufficient time (Reichert et al., 2007). Achieving intentions-effort congruence 
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may attenuate such barriers by better enabling exercisers to achieve hoped for or intended 
benefits in fewer minutes each week. 
Although obstacles (Leduc-Cummings et al., 2016), temptations (Milyavskaya et al., 
2015), and exposure to social others (Stetson et al., 2005), can hinder effective self-
regulation, affective discomfort is likely a predominant reason why individuals have trouble 
achieving intentions-effort congruence in the exercise domain (Taylor, Boat, & Murphy, 
2018). Specifically, exercising amidst negative affective signals can be difficult. Negative 
affect may or may not be reported by individuals exercising at moderate intensities 
(Ekkekakis, Parfitt, & Petruzzello, 2011). Yet, it is guaranteed at higher intensities 
(Ekkekakis et al., 2011), thus indicating that achieving intentions-effort congruence 
represents a more difficult undertaking when effort-related intentions are high. While this 
physical discomfort may represent a reason for not achieving intentions-effort congruence, it 
is clear that on many occasions individuals can yet persevere amidst such negative affective 
signals. In light of the motivational underpinnings of effective self-regulation in the exercise 
domain, it begs the question whether individuals’ reasons for engaging in exercise may play a 
role in explaining tendencies to achieve intentions-effort congruence. 
Autonomous motives better enable individuals to achieve a whole host of outcomes 
reflective of optimal engagement and effective self-regulation relative to controlling motives 
(e.g., Kinnafick et al., 2014; Smith et al., 2011; Teixeira et al., 2012), therefore, in a 
somewhat logical follow on from this, it may be suspected that autonomous motives should 
also have a positive role to play in facilitating intentions-effort congruence. Moreover, 
autonomous motives relate directly with outcomes known to promote effective self-
regulation. For instance, identified regulation positively associates with the tendency to 
spontaneously create implementation intentions (Brickell & Chatzisarantis, 2007). 
Implementation intentions aid self-regulation by automatising goal-congruent behaviours in 
critical situations (Gollwitzer, 1999), and by enabling congruence with goals even when in a 
depleted state (Webb & Sheeran, 2003). It is thus plausible that implementation intentions 
may also help individuals deal with obstacles or negative affective signals hindering 
intentions-effort congruence. Indeed, experimental research shows tennis players that made 
implementation intentions prior to a tennis match were rated by their trainers/teammates as 
displaying superior performance and physical fitness during the match compared to a control 
condition that made no such plans (Achtziger, Gollwitzer, & Sheeran, 2008). A large 
literature is testament to the effectiveness of implementation intentions more generally in 
reducing any extant intention-behaviour gap (Adriaanse, Vinkers, De Ridder, Hox, & De Wit, 
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2011; Gollwitzer & Sheeran, 2006). Autonomous motives also associate with the use of task-
oriented coping (e.g., planning, positive reappraisal, and relaxation) to manage demands 
associated with preparing for exams (Gaudreau et al., 2012), and fewer perceived obstacles 
(to goal progress) and conflicting temptations (Milyavskaya et al., 2015). Controlling 
motives, on the contrary, do not explain individuals use of implementation intentions 
(Brickell & Chatzisarantis, 2007), and positively associate with disengagement coping (e.g., 
behavioural disengagement, self-blame; (Gaudreau et al., 2012) and the number of perceived 
obstacles and conflicting temptations experienced (Milyavskaya et al., 2015).  
Moreover, relative to controlling motives, autonomous motives promote the effective 
use of self-control, which refers to a specific self-regulatory capacity wherein individuals 
remain congruent with overarching goals specifically when exposed to conflicting prepotent 
responses (Berkman, 2016). For instance, and as already touched upon, autonomous 
motivation enhanced persistence during a task exposing individuals to repeated failure 
(Moller et al., 2006), and promoted performance during an incongruent stroop task (Graham 
et al., 2014; Muraven et al., 2007, experiment 2), a go-no-go task (Legault & Inzlicht, 2013), 
a high-pressure tennis serve task (Englert & Bertrams, 2015), and a vigilance task (Muraven 
et al., 2008), relative to controlling motivation. This effect is based upon theory and literature 
maintaining autonomous involvement reduces self-control requirements relative to 
controlling involvement when exposed to goal-desire conflict, thus extending how long self-
control is typically utilised (Muraven et al., 2008; Ryan & Deci, 2008). Indeed, according to 
various theories of self-control, including the Strength (Baumeister, Vohs, & Tice, 2007), 
Process (Inzlicht & Schmeichel, 2012), and Opportunity-Costs (Kurzban, Duckworth, Kable, 
& Myers, 2013) Models, following prior or extensive self-control use individuals become 
predisposed towards more immediately gratifying behaviours, irrespective of prior intentions 
to the contrary. While a huge literature (Boat & Taylor, 2017; Garrison, Finley, & 
Schmeichel, 2018), and meta-analyses (Hagger et al., 2010), demonstrate the efficacy of this 
depletion effect, there are yet concerns publication bias may be driving such effects (Friese, 
Loschelder, Gieseler, Frankenbach, & Inzlicht, 2018). A particularly strong challenge against 
the validity of any depletion effect was a null finding from a large-scale, high-powered 
replication of a previously shown effect (Hagger et al., 2016). However, the methodological 
approach used in this research has been argued to expose participants to indifferent self-
control demands (Baumeister & Vohs, 2016), thus representing a poor test of proposed 
effects. Notwithstanding these arguments, self-control is critical during effortful exercise in 
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order to override inherent aversive signals (Taylor et al., 2018), and therefore congruence 
between high-intensity exercise intentions and actual effort. However, this is yet to be tested. 
Promisingly, however, autonomous motives associate with increased effort during 
various physical activities, thus providing indirect support that autonomous regulations may 
enhance individuals’ ability to achieve intentions-effort congruence. For instance, 
adolescents’ intrinsic motivation and identified regulation for physical education positively 
predicted their effort during physical education at the within-person level (measures taken at 
three time-points during a school trimester) and between-person level (Taylor et al., 2010). 
Also, autonomous motivation positively predicted persistence (i.e., the number of cycling 
stages completed) during a challenging exercise bout, a relationship explained by an 
increased tendency to utilise task-oriented coping and appraise the activity as a challenge 
rather than a threat (Ntoumanis et al., 2014b). In contrast, controlling motivation did not 
predict persistence, but did positively associate with the use of disengagement coping 
strategies via an increased tendency to appraise the activity as threatening (Ntoumanis et al., 
2014b). Finally, adolescent athletes’ level of autonomous motivation for their sport was 
reported to positively predict the amount of effort they invested during each training session 
(Study 2; Mouratidis & Michou, 2011).  
Despite this research, it is not well-placed to comprehensively support or refute the 
notion that autonomous motives aid intentions-effort congruence during high-intensity 
exercise relative to controlling motives. The reason for this is that effort-based intentions are 
not measured in this research, thus precluding an understanding of whether differences in 
effort during exercise is, at least in part, self-regulatory in nature. That is, while possible 
these findings may reflect differences across motives in intentions-effort congruence, they 
may also simply reflect differences in the amount of effort individuals intend to invest. 
Indeed, previous research presents the possibility that differences in effort are due to 
differences in intended effort (i.e., autonomous motives facilitate increased effort relative to 
controlling motives due to increased intentions to be effortful), for instance, autonomous 
motives positively associate with intended effort towards personal goals (Gore & Cross, 
2006; Holding, Hope, Harvey, Marion Jetten, & Koestner, 2017; Sheldon & Elliot, 1998) 
whereas controlling motives relationship with intended effort is inconsistent (e.g., Gore & 
Cross, 2006; Sheldon & Elliot, 1998). Accordingly, further research is required, whereby 
both intended effort and actual effort are measured, in order to better understand whether 
these higher quality autonomous motives for exercise aid improved effort investment via a 
greater ability to achieve intentions-effort congruence. In light of this gap in the literature, 
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Chapter 4 aims to investigate whether promoting more autonomous motivation for exercise 
enhances intentions-effort congruence relative to controlling motivation.  
Summary and Overview of the Thesis 
Factors explaining the frequency in which individuals lapse in planned exercise have 
been reported previously (Stetson et al., 2005), however, lapse prevalence has yet to be 
examined from a motivational perspective. Interestingly, distinct motives may also explain 
how individuals respond emotionally to lapse, which may represent important enquiry given 
emotions such as guilt, anxiety, and relief have links with behavioural disengagement 
(Baumeister & Heatherton, 1996; Hofmann & Fisher, 2012). However, relations between 
motivation and these maladaptive emotions has received little empirical attention. Effective 
self-regulation in the exercise domain likely demands individuals persist amidst set-back and 
adversity (Ryan & Deci, 2017). Although autonomous motives promote persistence (Moller 
et al., 2006), thus explaining a potential mechanism linking motivation and broader self-
regulatory outcomes (e.g., exercise frequency, lapse prevalence), it has yet to be 
comprehensively examined whether priming autonomous motivation may similarly promote 
persistence. There is also the possibility that priming autonomous motivation may orient 
individuals to make increased plans to engage in exercise relative to controlling motivation 
(Banting et al., 2011), but it is unknown whether this effect exists following persistence-
requiring activity. Finally, while motivation is critical for individuals sticking to exercise 
plans (Kinnafick et al., 2014), research is yet to investigate this relationship with relation to 
effort-based intentions. That is, does being autonomously motivated better enable individuals 
to stick to their effort-based intentions relative to controlling motivation? Examining this 
relationship may be important considering effort during exercise is associated with various 
adaptive outcomes (WHO, 2010).  
Collectively, therefore, the aim of this thesis is to broadly examine whether self-
determined motives for engaging in exercise promote more effective self-regulation 
compared to more controlling motives. As delineated throughout this literature review, 
although evidence has accumulated highlighting the motivational underpinnings of effective 
self-regulation, various aspects of this relationship which have value for policy makers and 
practitioners either remain uninvestigated or are poorly understood. The proposed 
investigations seek to remedy these points, in turn building upon a burgeoning literature 
evidencing the benefits of self-determined motives for optimal exercise engagement. 
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Study 1 and 2 (Chapter 2). The first two studies comprise a cross-sectional and 
diary-based investigation to establish whether distinct motivational regulations explain the 
prevalence of lapse in episodic exercise intentions, as well as emotional responses to lapse. 
Study 3 and 4 (Chapter 3). Two experimental investigations of motivations role in 
influencing persistence were investigated in Study Two. In both experiments we investigated 
whether motivational priming influenced persistence during a task designed to elicit repeated 
failure and plans to engage in exercise. 
Study 5 (Chapter 4). The final study investigated whether motivation predicted the 
ability for individuals to sustain effort during high-intensity exercise. 
General Discussion (Chapter 5). Following these five studies, Chapter 5 summarises 
and discusses major findings, practical implications, and limitations. Directions for future 
research are also provided. 
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Abstract 
Objective: Self-determination theory describes how an individual’s underlying motives 
relate to self-regulatory outcomes. Building on this, we investigated whether different types 
of motivation predict lapse in exercise behaviour, and particularly the emotional responses to 
lapse in the form of guilt, anxiety, and relief.  
Method: Study 1 entailed a self-report, cross-sectional investigation using structural equation 
modelling to test study hypotheses (N = 343, M age: 24.30 years, 215 female). Study 2 
employed a 21-day daily diary using multi-level modelling to test study hypotheses (N = 89, 
M age: 25.90 years, 55 female). Motivation was self-reported at the beginning of the study 
with all other variables self-reported daily.  
Results: Autonomous motivation was shown to negatively associate with lapse. When lapse 
occurred, autonomous motivation was inconsistently associated with the tendency for 
individuals to feel decreased relief and guilt. In contrast, introjected regulation displayed 
inconsistent associations with lapse, but increased the likelihood that individuals would 
experience guilt and anxiety following lapse. External regulation did not reliably predict 
lapse and emotions across studies. 
Conclusions: Our findings suggest autonomous motivation may protect against lapses in 
goal-directed behaviour, thus supporting the PhD thesis that more self-determined motivation 
is important for effective self-regulation. Controlling forms of motivation, however, may 
promote less-optimal emotional processes implicated in poor self-regulation. Practically, 
these findings suggest self-determined engagement in exercise is critical for enabling optimal 
exercise plan adherence, and via its likely downsteam effects, long-term healthy engagement.  
 Keywords: emotion, lapse, motivation, self-regulation, self-determination 
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Introduction 
Certain behaviours are essential for good health and overall wellbeing, such as eating 
healthy foods or performing exercise. Many individuals have knowledge of the wide-ranging 
benefits, hence, intend to engage in healthy behaviour but fail to follow through with their 
intentions to the detriment of their health (Kothe, Mullan, & Butow, 2012; Rhodes & de 
Bruijn, 2013). These lapses are commonplace for individuals in daily life (Wagner & 
Heatherton, 2015). Plans may change, and unexpected events may arise that demand 
attention. Individuals may not feel like engaging in the planned behaviour or forget that they 
had intentions in the first place (Carver & Scheier, 2017). These lapses in healthy behaviour 
can lead to significant emotional experiences, which have implications for relapse, goal 
striving, and disengagement (Shiffman et al., 1996; Webb & Byrd-Bredbenner, 2015). 
However, it is poorly understood why these emotional experiences are so variable; a lapse in 
healthy behaviour may offer relief to some (Baumeister & Heatherton, 1996) but create guilt 
and anxiety in others (Stetson et al, 2005). The present study adopts a motivational 
perspective to assess these affective experiences of lapses in exercise behaviour, thus 
contributing to the primary aims of this thesis to better understand how differential 
motivational involvement promotes or hinders individuals ability to effectively self-regulate 
in the exercise domain. 
 Motivation is an essential component of human functioning because it provides 
energy and direction to any planned behaviour. Self-determination theory (SDT) is a theory 
of human motivation that has been widely used to explain adoption and sustainment of 
healthy behaviours (Ryan & Deci, 2017). This theory maintains that optimal and durable 
behavioural engagement is underpinned by autonomous reasons that are interesting and fun 
(i.e., intrinsic motivation), coherent with all aspects of one’s sense of self (i.e., integrated 
regulation) or personally valuable (i.e., identified regulation). In contrast, controlling 
motives, such as the desire to avoid feelings of guilt or obtain social approval (i.e., introjected 
regulation), or external contingencies (i.e., external regulation), are less likely to lead to 
prolonged and healthy behavioural engagement. A considerable amount of cross-sectional 
(e.g., Edmunds, Ntoumanis, & Duda, 2006; Vlachopoulos, Kaperoni, & Moustaka, 2011), 
experimental (e.g., Edmunds et al., 2008; Silva et al., 2011), longitudinal (e.g., Gunnell et al., 
2014; Silva et al., 2010; Taylor et al., 2010), and meta-analytic (Teixeira et al., 2012) 
evidence supports this contention in exercise and physical activity contexts. 
Building on this knowledge, attempts have been made to understand how motivation 
sustains adaptive behaviour. Autonomous motives are positively associated with goal-
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directed effort (Smith et al., 2011), persistence, challenge appraisals, and task-oriented 
coping during difficult goal striving (Ntoumanis et al., 2014b), and negatively associated with 
impulsive attraction to goal-disruptive temptations and the number of obstacles (to goal 
attainment) encountered (Milyavskaya et al., 2015). In contrast, controlling motives are 
unassociated with goal-directed effort (Smith et al., 2011), and positively associated with 
threat appraisals, disengagement during difficulty (Ntoumanis et al., 2014a), more perceived 
obstacles and tempting desires (Milyavskaya et al., 2015). Furthermore, personal goal self-
concordance (i.e., personal goals pursued for more autonomous reasons) are positively 
associated with subjective ease in goal pursuit (Werner et al., 2016). 
Nonetheless, there have been limited accounts of how the different motivational 
regulations work to boost or reduce behaviour during instances of goal failure. Autonomous 
motivation may facilitate greater responsiveness to errors during goal pursuit relative to 
controlling motivation, however this has been demonstrated in neural signals (i.e., error-
related negativity), rather than overt behavioural corrections (Legault & Inzlicht, 2013). 
When a goal is unattainable, autonomous motives are associated with alternative goal 
engagement even though disengagement from the original goal is more difficult. In contrast, 
controlling motives are unassociated with alternative goal reengagement (Ntoumanis et al., 
2014a; Smith & Ntoumanis, 2014). However, this knowledge does not help us understand 
persistence in the original goal after failure. A deeper appreciation of goal failure and 
subsequent reengagement can be gained by investigating the emotional experience during 
lapses in goal-directed behaviour (Marlatt & Gordon, 1985). Specifically, motivational 
regulations may lead to different emotional experiences when individuals fail to do planned 
exercise (Kinnafick et al., 2014).  
Experimental and correlational research has shown that, relative to controlling 
regulations, autonomous regulations are associated with positive emotional experiences 
during exercise (or at least recalled emotional experiences), such as elevated levels of 
positive affect (Edmunds et al., 2008), vitality (Gunnell et al., 2014), and enjoyment (Banting 
et al., 2011; Murcia et al., 2008), complementing lower levels of negative affect (Gunnell et 
al., 2014; Teixeira & Palmeira, 2016) and social physique anxiety (Thøgersen-Ntoumani & 
Ntoumanis, 2007). These emotional benefits may also extend immediately beyond the 
exercise session and up to three hours after exercise has been completed (Guérin et al., 2013; 
Lutz, Lochbaum, & Turnbow, 2003). This research is valuable but considers emotional 
response to the activity itself (i.e., what does doing the activity feel like?), it does not help us 
understand responses to goal failure (i.e., what does not doing the activity feel like?). Filling 
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this gap will help address concerns that psychologists have overlooked processes underlying 
non-adherence, and particularly the role of affect (Ekkekakis et al., 2018). Hence, we aim to 
test the idea that motivational regulations lead to affective experiences that help or inhibit 
individuals respond from a setback and reengage with exercise.  
 Guilt, anxiety, and relief were selected as potential affective mechanisms explaining 
successful goal pursuit and failure (Carver, 2009; Hofmann & Fisher, 2012; Leventhal & 
Zvolensky, 2015). Our decision to investigate these emotions was based on their ability to 
guide decision-making and behaviour, as well as their conceptual links with specific forms of 
regulation. Controlling motivation (i.e., a composite of introjected and external regulation) 
has been associated with affective responses following an inability to achieve goals (Study 2, 
Ntoumanis et al., 2014a). However, this process is likely to be nuanced depending on the 
dominant motivational regulation. Introjected regulations may promote self-relevant 
emotions, such as guilt and anxiety, following a lapse in goal-driven behaviour because this 
regulation is associated with the tendency to self-criticise and goal failure would damage 
contingent self-esteem (Ryan & Deci, 2017). In other words, introjected regulation will lead 
to guilt and anxiety because goal failure represents exactly what the individual is trying to 
avoid.1 Also, introjected regulation should not impact the extent to which lapse elicits 
feelings of relief given this emotion requires recognition that a threat (e.g., to self) has been 
avoided (Carver, 2009), rather than realised in the case of a lapse. In contrast, external 
regulation reflects a wholly external pressure to exercise, hence, goal failure does not conflict 
with any internalised motive. Alleviating psychological discomfort by not taking part may, 
therefore, elicit somewhat positive emotional responses (Carver, 2009; Elliot & Devine, 
1994). Feelings of relief may follow a slip in exercise behaviour, because external regulation 
reflects a lack of true internalised motive to engage. In comparison to the controlling 
regulations, autonomous regulations are associated with greater self-acceptance (e.g., Magnus 
et a., 2010) and acknowledgement of personal limitations. Thus, autonomous regulations may 
orient individuals to accept occasional failures in goal pursuit and to not experience these 
failures as a threat to self-identity. Autonomous regulations are, therefore, not likely to be 
associated with aversive self-relevant emotions, such as guilt and anxiety, or positive feelings 
of relief following a lapse in exercise behaviour. 
Overview of Present Studies 
Establishing links between an individual’s motives and how they are likely to feel 
following lapse is important, because emotions may influence various processes and 
outcomes indicative of optimal engagement (Hofmann & Fisher, 2012; Rhodes & Kates, 
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2015; Williams et al., 2008). As such, the aim of the present studies was to examine whether 
individuals’ behavioural regulations for exercise were associated with a) the regularity in 
which individuals reported to lapse in engaging in planned recreational exercise, and b) the 
emotional experiences of individuals when they fail to do planned recreational exercise (i.e., 
guilt, anxiety, and relief). We limited our investigation to recreational exercise given 
alternative forms of activity, such as competitive sport, have different structural components 
that make lapse less likely (e.g., formal competitions, selection processes). Study 1 
represented a cross-sectional investigation of the associations between motives, emotional 
experiences, and lapses in exercise behaviour. 
Building upon this study, Study 2 adopted a diary approach to replicate these tests.2 
Across both studies, it was hypothesised that autonomous motives (i.e., intrinsic motivation, 
integrated regulation, and identified regulation) would be negatively associated with lapses in 
exercise behaviour, whereas introjected and external regulation would be positively 
associated with lapses in exercise behaviour. In terms of emotions following lapse, 
autonomous regulations lead to greater self-acceptance (Magnus et al., 2010), hence, it was 
hypothesised to be unrelated to anxiety, guilt, and relief. Introjected regulation was also 
expected to be unrelated to relief because this would require avoidance of threat (Carver, 
2009), whereas a lapse in exercise behaviour for an individual regulated through introjection 
represents a threat that has been realised. Introjected regulation was expected to be positively 
associated with guilt and anxiety (Ntoumanis et al., 2014a). Finally, external regulation was 
expected to be positively associated with relief (Carver, 2009) and unrelated to guilt and 
anxiety.  
Study 1 
Methods 
Participants and Procedures. Structural equation modelling using Mplus software (Muthén 
& Muthén, 1998-2017) was used to investigate study hypotheses, with motivational 
regulations and emotional experiences modelled as latent factors and questionnaire items as 
observed indicators. Frequency of lapse was operationalised as an observed variable. As a 
result of this approach, an apriori sample size calculation (Soper, 2018) suggested a 
minimum sample size of 345 participants was required. This calculation was based upon an 
anticipated small effect size (0.25), power of .90, an alpha of 0.05, nine latent factors, and 34 
observed variables (which were the greatest number of factors and variables in our tested 
models). We also followed the conservative rule-of-thumb of 10 observations per item (i.e., 
340 participants; Nunnally, 1967) to guide our participant recruitment. Accordingly, 350 
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participants (Mean age = 24.32 years, SD = 10.11 years; 220 females; gender not recorded in 
three participants) were recruited to take part in this study. Participants were recruited from 
the general public and from Psychology classes at a university in the United Kingdom. 
Students recruited from Psychology classes were offered course credit for their participation. 
Participants were required to access an online questionnaire (via a link sent to their email 
account or displayed on a poster), which took approximately fifteen minutes to complete, and 
to answer questions pertaining to recreational exercise. The questionnaire provided 
participants with the following definition: ‘recreational exercise refers to any planned jog or 
run, gym session, exercise class, cross-fit or similar activities. This questionnaire does not 
concern daily physical activity (such as walking or cycling to work) or competitive sport’. 
We asked all participants to respond to an adapted three-item questionnaire measuring 
exercise intentions (Chatzisarantis, Biddle, & Meek, 1997). The stem was ‘please answer the 
following questions regarding your usual recreational exercise intentions’, and the response 
scale ranged from -3 (‘not true at all’) to 3 (‘completely true’). An example item from this 
scale was ‘I usually intend to exercise’. This scale was used to exclude participants from 
analyses that never usually intend to do recreational exercise. Seven participants scoring -3 
across items were excluded from further analysis, thus giving a final sample of 343 
participants. Also, twenty-four participants reported that they never lapsed in exercise plans, 
hence, their emotional responses were deemed to be invalid and not used in the analysis. 
Informed consent was received from participants before involvement, and the study was 
given ethical clearance from the university ethics committee. 
Measures. Behavioural regulations for exercise. Participants’ motivation for 
exercise was measured using the Behavioural Regulations for Exercise Questionnaire-3 
(BREQ-3; Markland & Tobin, 2004; Wilson, Rodgers, Loitz, & Scime, 2006). This measure 
has factorial validity and reliability (Markland & Tobin, 2004) and has six subscales 
(intrinsic, integrated, identified, introjected, external, and amotivation) each containing four 
items. As the focus of this study revolved around planned recreational exercise, the 
amotivation subscale was considered irrelevant to study aims and therefore not included in 
subsequent data analysis. Example items include: ‘I exercise because it is fun’ (intrinsic 
motivation), ‘I exercise because it is consistent with my life goals’ (integrated regulation), 
‘It’s important to me to exercise regularly’ (identified regulation), ‘I feel guilty when I don’t 
exercise’ (introjected regulation) and ‘I exercise because other people say I should’ (external 
regulation). We asked participants to consider ‘recreational exercise’ and not ‘physical  
exercise’ as in the original questionnaire. Individuals then responded to the items using a 
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Figure 2.1. Model depicting hypotheses in Study 1 between 
autonomous motivation, introjected regulation, external 
regulation, and likelihood of lapse in planned exercise. 
Figure 2.2. Model depicting hypotheses in Study 1 between 
autonomous motivation, introjected regulation, external regulation, and 
guilt, anxiety, and relief following lapse in planned exercise. 
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response scale ranging from 0 (‘not true for me’) to 4 (‘very true for me’). Guilt. Guilt 
was measured using the six-item guilt subscale of the Positive and Negative Affect Schedule 
X (Watson & Clark, 1999). This subscale has been shown to be valid (Watson & Clark, 
1999) and reliable (Borelli, Nelson-Coffey, River, Birken, & Moss-Racusin, 2017). We asked 
participants ‘To what extent do you feel the following after you intended to take part in 
recreational exercise, but didn’t?’. Individuals then completed all six items using a response 
scale ranging from 1 (‘very slightly or not at all’) to 5 (‘extremely’). Example items include 
‘guilty’ and ‘blameworthy’.  
Anxiety. Anxiety was measured using the six-item State-Trait Anxiety Inventory short 
form (Marteau & Bekker, 1992), which has been shown to have convergent validity and to be 
reliable (Marteau & Bekker, 1992). Individuals completed all six items using a response scale 
ranging from 1 (‘not at all’) to 4 (‘very much’). Example items include ‘I feel calm’ and ‘I 
am tense’. All positively worded items were reverse scored, so that higher scores reflected 
higher levels of anxiety.  
Relief. Relief was measured using the six-item relief subscale of the Achievement 
Emotions Questionnaire (Pekrun, Goetz, Titz, & Perry, 2002). Research has shown this scale 
to be reliable (Jarrell, Harley, Lajoie, & Naismith, 2017) and to possess construct and 
convergent validity (Pekrun, Goetz, Frenzel, Barchfeld, & Perry, 2011). Individuals 
completed all six items using a response scale ranging from 1 (‘strongly disagree’) to 5 
(‘strongly agree’). Example items include ‘I feel relief’ and ‘I feel freed’. 
Frequency of lapses in planned exercise. Frequency of lapses in planned exercise 
was measured using a single item: ‘Following intentions or plans to participate in recreational 
exercise, how often do you fail to do the activity or session?’. This item was measured on a 
scale ranging from 1 (‘never’) through 4 (‘some of the time’) to 7 (‘almost all of the time’). 
This measurement allowed participants to respond relative to their own level of planned 
exercise. As such, whether participants plan to engage in exercise once per week or daily did 
not prevent them from using the full range of responses. 
Results 
Preliminary Analysis. For information, descriptive statistics for all variables are 
presented in Table 2.1. Confirmatory factor analyses using maximum likelihood estimation 
was conducted to clarify the factor structure of the measurement scales. Indices used to 
establish model fit were comparative fit index (CFI) close to .95, root mean square error of 
approximation (RMSEA) < .10, and the standardised root mean square (SRMR) < .08 (Hu & 
Bentler, 1999; MacCallum, Brown, & Sugawara, 1996; Marsh, Hau, & Wen, 2004).  
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High inter-factor correlations (ranging from .78 to .89) among intrinsic, integrated, 
and identified subscales may have caused analytical problems if retained in their original 
form (i.e., multicollinearity). Accordingly, these subscales were estimated to load onto a 
higher order latent factor termed ‘autonomous motivation’. This adapted model had 
acceptable model fit (S-Bχ² (164) = 442.481, p < .001; SRMR = .05; CFI = .95; RMSEA = 
.07 (90% CI: .06 to .08), but modification indices suggested estimating a correlation between 
two items (‘I consider exercise part of my identity’ and ‘I consider exercise a fundamental 
part of who I am’) would improve fit. These items share considerable conceptual overlap, in 
that they both question the extent to which exercise reflects an important part of participants’ 
identity. Accordingly, this modification was made, and adequate model fit was demonstrated 
(S-Bχ² (163) = 333.96, p < .001; SRMR = .05; CFI = .97; RMSEA = .06 (90% CI: .05 to .06). 
The guilt scale showed satisfactory fit, albeit a somewhat high RMSEA (S-Bχ² (9) = 
67.32, p < .001; SRMR = .03; CFI = .95; RMSEA = .14 (90% CI: .11 to .18). The anxiety (S-
Bχ² (9) = 84.40, p < .001; SRMR = .06; CFI = .91; RMSEA = .16 (90% CI: .13 to .20) and 
relief (S-Bχ² (9) = 188.52, p < .001; SRMR = .06; CFI = .90; RMSEA = .25 (90% CI: .22 to 
.28) subscales, however, did not show satisfactory fit and were adapted accordingly. For both 
subscales, two items (‘I am worried’ and ‘I feel upset’ from the anxiety scale; ‘I feel relief’ 
and ‘I feel freed’ from the relief scale) were removed because of the relatively low factor 
loadings (anxiety: .61 and .46, relief: .74 and .78) and comparatively high error variance 
(anxiety: .63 and .79, relief: .46 and .40). Acceptable fit was achieved for the modified 
anxiety (S-Bχ² (2) = 3.88, p = .14; SRMR = .01; CFI = 1.00; RMSEA = .05 (90% CI: .00 to 
.14) and relief (S-Bχ² (2) = 3.72, p =.07; SRMR = .01; CFI = 1.00; RMSEA = .05 (90% CI: 
.00 to .13) subscales. 
Behavioural regulations predicting frequency of lapse. Autonomous motivation, 
introjected regulation, and external regulation together explained 29.0% of the variance in 
frequency individuals reported to lapse in their planned exercise. Structural fit statistics 
suggest this model fit the data well (S-Bχ² (180) = 351.67, p < .001; SRMR = .05; CFI = .97; 
RMSEA = .05 (90% CI: .05 to .06)). Bootstrapped (1000 samples) standardised coefficients 
showed autonomous motivation to be negatively associated (β = -.54, 95% CI: -.69 to -.39, p 
< .001), and external regulation to be positively associated (β = .17, 95% CI: .06 to .28, p = 
.002) with lapse frequency. No association was found between introjected regulation and 
lapse frequency (β = .10, 95% CI: -.02 to .23, p = .13). The substantive results did not change 
following the inclusion of age and gender as covariates, with only minimal changes in 
statistical parameters.
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Correlations 
 
 Mean SD 
Potential 
Range 
1 2 3 4 5 6 7 8 9 10 
1 
Agea 24.30 10.10 -          
 
2 
Genderb .37 .48 - .17**         
 
3 Intrinsic motivationc 2.84 0.92 0 - 5 .06 .09         
4 Integrated regulationc 2.33 1.21 0 - 5 .15** .21** .74**        
5 Identified regulationc 2.96 0.89 0 - 5 .14* .16** .77** .83**       
6 
Introjected 
regulationc 
2.20 1.04 0 - 5 -.04 .01 .43** .52** .57**      
7 External regulationc 0.77 0.85 0 - 5 -.17** -.04 -.13* -.11* -.09 .14*     
8 Anxietyd 2.49 0.70 1 - 4 .04 -.16** .15** .17** .25** .39** .07    
9 Guiltd 2.69 1.03 1 - 5 -.17** -.13* .10 .19** .23** .57** .23** .44**   
10 Reliefd 1.58 0.75 1 - 5 .01 .03 -.21** -.24** -.28** -.19** .19** -.19** .09  
11 Likelihood of lapsee 3.14 1.34 1 - 7 -.10 -.09 -.41** -.47** -.45** -.19** .24** -.09 -.02 .20** 
Table 2.1. Descriptive statistics and zero-order correlations for Study 1 variables. 
Note. SD = Standard deviation; Gender: 0 = female; 1 = male.  
a N = 339; b N = 341; c N = 342; d N = 319; e N = 343. 
* p < .05  **p < .01. 
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Behavioural regulations and emotions following lapse. Autonomous motivation, 
introjected regulation, and external regulation together explained 15.7% of the variance in 
anxiety, 48.6% of the variance in guilt, and 11.4% of the variance in relief following lapse. 
Structural fit statistics showed this model to represent a good fit (S-Bχ² (508) = 885.54, p < 
.001; SRMR = .05; CFI = .96; RMSEA = .05 (90% CI: .04 to .05)). Bootstrapped 
standardised coefficients showed autonomous motivation to be negatively associated with 
guilt (β = -.26, 95% CI: -.43 to -.11, p = .002) following lapse, yet unrelated to anxiety (β = -
.03, 95% CI: -.20 to .15, p = .71) and relief (β = -.11, 95% CI: -.33 to .06, p = .25). In 
contrast, introjected regulation was positively associated with feelings of guilt (β = .80, 95% 
CI: .65 to .96, p < .001) and anxiety (β = .42, 95% CI: .26 to .58, p < .001), but not relief (β = 
-.15, 95% CI: -.33 to .07, p = .14). Finally, external regulation was not associated with guilt 
(β = .10, 95% CI: -.03 to .22, p = .12) nor anxiety (β = -.07, 95% CI: -.20 to .05, p = .27), but 
positively associated with relief (β = .24, 95% CI: .09 to .39, p = .002) following lapse. The 
substantive results did not change following the inclusion of age and gender as covariates, 
with only minimal changes in statistical parameters. 
Brief Discussion 
Study 1 provides initial evidence that individuals motivational regulations for 
recreational exercise are associated with the likelihood of lapsing in exercise behaviour and 
unique emotional responses following the lapse. In line with hypothesised relationships, 
autonomous motivation and external regulation were associated with less and more lapses in 
exercise behaviour, respectively, and introjected regulation showed no association. 
Introjected regulation was positively implicated in poor quality emotional experiences 
following a lapse, with higher anxiety and guilt reported. This is likely because introjected 
regulation reflects partially internalised pressure to engage in behaviour (Ryan & Deci, 
2017). The data also evidenced that external regulation was positively associated with relief, 
likely due to the motives behind exercise behaviour lacking relevance to the self (Carver, 
2009). We expected autonomous motivation to be unrelated to emotional experiences 
following lapse. However, autonomous motivation was negatively associated with guilt, 
suggesting stronger links with post-lapse emotion than initially thought.  
Study 2 
Study 1 showed that motives underpinning exercise behaviour are associated with 
emotional experiences that have implications for reengagement and long-term behaviour. 
However, the data were cross-sectional, and reports of lapse and emotions were general 
retrospective accounts which did not refer to a specific lapse event. Hence, Study 2 built upon 
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these findings by implementing a diary study over a period of 21 days. Specifically, this 
study established whether behavioural regulations for exercise predicted (a) the likelihood 
that individuals lapsed, and (b) the extent to which individuals experienced guilt, anxiety and 
relief when they did lapse.  
Methods 
Participants. Participants were recruited from the public and Psychology classes at a 
university in the United Kingdom by word of mouth, email, and poster advertisement. 
Students recruited from Psychology courses were offered course credit for their participation. 
Eighty-nine participants (Mean age = 25.9 years, SD = 8.6 years; 55 females) took part in this 
study between December 2016 and September 2017. We based our sample size on attempting 
to obtain at least 50 Level-2 units (i.e., participants) to achieve accurate fixed effects 
parameter estimates and standard errors (Maas & Hox, 2005). 
Procedure and Measures. Prior to this study, ethical clearance was given by the 
university ethics committee. Inclusion criteria for this study was that participants had some 
intention to take part in structured recreational exercise within the next 21-day period. After 
giving informed consent, participants provided their age, gender, and unique identification 
number (initials and date of birth), the latter of which helped facilitate anonymous tracking of 
questionnaires over the data collection period. Participants were provided with the same 
definition of recreational exercise as used in Study 1. They were then asked to complete an 
online measure of motivation for recreational exercise (see below), and informed that a 
researcher would be in touch about the remainder of the study. 
 Following completion of the initial demographics and motivation questionnaire, 
participants were asked via email to complete a brief online questionnaire each evening for a 
period of 21-days. Reminders were sent every two days in the early evening and it was 
suggested to participants that they set-up a calendar reminder on their phone to facilitate 
questionnaire completion.  
Behavioural regulations for recreational exercise.  As in Study 1, the BREQ-3 
questionnaire was used to measure motivation for recreational exercise. This contextual 
measure of motivation should partially explain motivation at the situational level (Vallerand, 
1997) whilst avoiding common method bias associated with implementing a situational 
measure of motivation alongside other situational measures (e.g., guilt, anxiety; Podsakoff, 
MacKenzie, Lee, & Podsakoff, 2003). Intrinsic, integrated, and identified subscales were 
again aggregated to form an ‘autonomous motivation’ factor. 
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Daily diary questionnaire.  Participants recorded their unique participant ID number 
and the day of the week the questionnaire referred to. Participants were provided with a 
definition of recreational exercise and asked: ‘Did you do recreational exercise today?’. If 
they answered ‘yes’, participants moved straight on to questions about the following day’s 
exercise plans. If participants answered ‘no’, however, they were asked the supplemental 
question: ‘Did you plan to do recreational exercise today?’. If participants answered ‘no’, 
they moved on to the questions regarding the following days exercise plans. If they answered 
‘yes’, however, they completed questions measuring the extent to which they experienced 
guilt, anxiety, and relief following lapse (see below). Therefore, only participants that stated 
they lapsed (i.e., that they did not do recreational exercise that day, but did plan to) 
completed questions concerning emotions. All participants then responded to questions about 
the following day’s exercise plans: ‘Do you plan or intend to take part in a recreational 
exercise session tomorrow?’ and ‘If you do plan on taking part in a recreational exercise 
session tomorrow, what type of exercise do you plan on doing? If not applicable, type N/A’.  
Emotions. The two highest loading items from each measure of emotion used in 
Study 1 were used in this study and were presented following the stem: ‘To what extent did 
you feel the following when you intended to exercise today, but didn’t?’.  The two items used 
were: ‘dissatisfied with self’ and ‘guilty’ (guilt), ‘I felt calm’ and ‘I was upset’ (anxiety), and 
‘I felt relief’ and ‘I felt free’ (relief). The item ‘I felt calm’ was reverse scored prior to 
analysis. All response scales were increased to 1-9 to maximise item measurement 
sensitivity. 
Lapse. Lapse was calculated by comparing participants’ stated intentions to do 
planned recreational exercise, with the following day’s reported exercise. In other words, 
participants lapsed if they intended to exercise the following day but did not carry out any 
planned exercise. 
Analysis. Because emotion and lapse data varied within participants over time, a 
multilevel analysis with repeated measures data clustered within participants was 
implemented with MLwiN software (version 2.3; Rasbash, Steele, Browne, & Prosser, 2015). 
This multilevel approach elicits more accurate standard errors as well as reduced type one 
error rates, compared to falsely implementing single level regression equations (Nezlek, 
2011). Level 2 predictor variables (i.e., motivational regulations) were grand-mean centred. 
Prior to testing the effects of predictor variables on study outcomes, intercept-only models 
were constructed for each emotion and lapse to detail the amount of variance at both levels of 
the outcome variable. Following these base models, main analyses were conducted by adding 
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motivational predictor variables. First, the extent the behavioural regulations predicted 
whether participants lapsed in their exercise plans was assessed. Lapse was dummy coded 
(‘1’= yes; ‘0’= no) and analysed using binomial multilevel regression. Second, whether the 
behavioural regulations predicted guilt, anxiety, and relief was investigated using multilevel 
linear regression. We also examined whether these results persisted after controlling for 
planned exercise, age and gender.  
Results 
Descriptive Analysis. Out of a possible 1869 daily questionnaires, 1544 were 
completed (mean number of completed questionnaires per person = 17.35 ± 4.32). Of the 
completed questionnaires, 78% (1200) were completed on the day proposed, with 96% 
(1481) completed either on the proposed day or the day after. Participants stated they 
intended to exercise on the following day on 873 out of 1544 days. Following these 
intentions, participants recorded the following day that they did not exercise (i.e., lapsed) on 
196 occasions (2.20 ± 2.19 lapses per person, range 0 to 11 lapses), they did participate in 
exercise on 529 occasions (5.94 ± 4.25 exercise days per person, range 0 to 18 exercise days), 
and 148 instances were not reported the following day. As such, lapse prevalence rate was 
27% (196 out of 725 occasions). On 34 of the 196 occasions that participants were identified 
to have lapsed, participants stated the following day that they did not (i.e., participants stated 
that they did not intend to exercise, even though they reported an intention the preceding 
day). 
Primary Analysis. Our model with lapse as the outcome variable was comparable to 
binary logistic regression. Hence, this model does not need to meet the assumptions of 
linearity and normally distributed residuals. The normality of the level 2 residuals of the 
emotional responses was visually inspected and no major deviations from normality were 
observed. Correlations between the motivational predictor variables ranged from r = .03 to 
.41, indicating that multicollinearity was not an issue in the models. 
As shown in Table 2.2 (unadjusted analysis) autonomous motivation was negatively 
associated with lapse and introjected regulation showed a weak positive trend with lapse. 
Adjusting for planned exercise, age and gender (Table 2.3) led to weaker evidence of the 
association between autonomous motivation and lapse, but more credible evidence of the 
association between introjected regulation and lapse. No associations were found between 
external regulation and lapse in either analysis. In the models investigating the relationships 
among motivation and emotional response to lapse, autonomous motivation was negatively 
associated with relief in both analyses, and weak evidence for a negative association with 
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Predictor 
Lapse Guilt Anxiety Relief 
b (95% CI) p b (95% CI) p b (95% CI) p b (95% CI) p 
Intercept -.58 (-.72, -.44) <.001 4.69 (4.24, 5.15) <.001 4.35 (3.95, 4.74) <.001 2.57 (2.26, 2.88) <.001 
Autonomous 
motivation 
-.22 (-.42, -.01) .04 -.57 (-1.21, .08) .08 .21 (-.35, .77) .46 -.50 (-.94, -.06) .03 
Introjected 
regulation 
.18 (-.01, .37) .07 .66 (.03, 1.29) .04 .51 (-.03, 1.06) .07 .02 (-.42, .45) .95 
External 
regulation 
-.09 (-.34, .17) .50 -.33 (-1.15, .50) .43 .10 (-.61, .81) .78 -.48 (-1.04, .08) .09 
Level 1 error - - 2.71 (2.07, 3.35) <.001 1.68 (1.28, 2.08) <.001 .96 (.73, 1.18) <.001 
Level 2 error .20 (.07, .32) .002 2.28 (1.09, 3.47) <.001 1.85 (.96, 2.74) <.001 1.21 (.64, 1.77) <.001 
Table 2.2. Multilevel models investigating motivational predictors of lapse in planned exercise and post-lapse emotional responses.  
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 Lapse Guilt Anxiety Relief 
Predictor b (95% CI) p b (95% CI) p b (95% CI) p b (95% CI) p 
Intercept -.57 (-.71, -.43) <.001 4.58 (4.12, 5.04) <.001 4.17 (3.80, 4.55) <.001 2.66 (2.37, 2.96) <.001 
Autonomous 
motivation 
-.13 (-.33, .07) .21 -.70 (-1.37, -.02) .04 .03 (-.51, .58) .91 -.47 (-.90, -.04) .03 
Introjected regulation .20 (.01, .39) .04 .78 (.15, 1.41) .02 .71 (.20, 1.22) .01 -.06 (-.46, .35) .79 
External regulation -.05 (-.30, .19) .66 -.29 (-1.11, .54) .49 .30 (-.37, .97) .38 -.42 (-.95, .10) .12 
Planned exercise -.04 (-.07, .00) .03 .09 (-.01, .20) .09 .11 (.02, .20) .01 -.09 (-.15, -.02) .01 
Age -.02 (-.04, .00) .01 -.01 (-.06, .05) .80 .01 (-.04, .05) .79 .04 (.00, .08) .03 
Gender -.29 (-.59, .00) .05 -.30 (-1.33, .73) .56 -1.11 (-1.95, -.28) .01 .03 (-.64, .69) .94 
Level 1 error - - 2.71 (2.07, 3.36) <.001 1.68 (1.28, 2.07) <.001 .96 (.73, 1.18) <.001 
Level 2 error .15 (.04, .26) .01 2.07 (.96, 3.19) <.001 1.41 (.67, 2.14) <.001 .92 (.46, 1.39) <.001 
 
 
Table 2.3. Multilevel models investigating motivational predictors of lapse in planned exercise and post-lapse emotional responses, controlling 
for the amount of exercise planned over the 21-day measurement period, age and gender. 
 
motivational predictors of the amount of exercise individuals intended to engage in over the 21-day measurement period. This analysis 
represents, in addition to direct relationships between motivation and lapse and emotion [Table 2.], the first mediation step of the motivation        
exercise intentions        lapse model, and the motivation        exercise intentions        emotion model. 
 
Note. Gender: 0 = female; 1 = male.  
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guilt became more credible when adding the control variables. Autonomous motivation was 
unrelated to anxiety. Introjected regulation was positively associated with guilt in both 
analyses. Weak evidence of a positive association between introjected regulation and anxiety 
became stronger with the inclusion of the control variables. Introjected regulation was 
unrelated to relief in both analyses. No associations among external regulation and emotions 
were found.  
Brief Discussion 
 Study 2 used longitudinal data to demonstrate that contextual motivation (i.e., motives 
for exercise) predicts lapse in exercise behaviour and associated emotional responses. The 
findings highlight novel distinctions between different motivational regulations. Some 
evidence demonstrates that motives underpinned by intrinsic value or coherence with one’s 
sense of self can sustain long term health behaviour; specifically, through fewer lapses. This 
process was complemented by no evidence of emotional responses that may compromise 
future engagement or well-being. In fact, contrasting with hypotheses and Study 1 findings, 
autonomous motivation may play a role in reducing relief following lapse. In line with 
hypotheses, but in contrast with findings from Study 1, introjected regulation positively 
associated with lapse, particularly when controlling for planned exercise. Moreover, 
introjected regulation again showed positive associations with guilt and anxiety following a 
lapse. Collectively, these findings substantiate arguments suggesting introjects are 
insufficient for optimal engagement relative to more autonomous variants of motivation and 
may even drive disengagement because of adverse emotional consequences (Ryan & Deci, 
2017). In contrast to Study 1 findings, external regulation did not predict lapse or emotions. 
This outcome conflicts with our theorizing that relief following lapse would be associated 
with external regulation because the underlying reasons for participation are not coherent 
with the self.  
General Discussion 
 Autonomous and controlling motivational regulations differentially predict health 
behaviour engagement (Ng et al., 2012). However, despite calls to investigate non-adherence 
(Ekkekakis et al., 2018), much less is known about whether these motivations can play a role 
when the behaviour is not carried out. As such, the aim of the present studies was to 
investigate whether individuals’ lapses in planned behaviour, as well as the associated 
emotional experiences (i.e., guilt, anxiety, and relief) can be predicted from the underlying 
reasons individuals have for wanting to engage. Our investigation focused specifically on 
recreational exercise, thus our results should not be extrapolated to other domains (e.g., 
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competitive sport) because of different motivational factors. Across the two studies, 
autonomous motivation was a predictor of more adaptive health behaviour patterns and less 
potentially aversive emotional experiences. The link between introjected regulation and lapse 
was not convincingly demonstrated across the two studies, however, introjected regulation 
consistently increased the likelihood of poor-quality emotional experiences following a lapse. 
External regulation played little role in shaping emotional experiences across the two studies. 
Our hypotheses that autonomous motivation would be associated with fewer lapses in 
exercise behaviour following a lapse was supported, but not when planned exercise was 
included in the Study 2 analysis. This suggests that the effects of autonomous motivation on 
exercise (dis)engagement could be indirect via one’s exercise intentions (Hagger & 
Chatzisarantis, 2009). Autonomous motivation also likely reduced goal failure in the present 
study by acting as a motivational input to increase the salience of longer-term goals 
(Berkman et al., 2016). Hence, autonomously motivated individuals experience fewer and 
less intense temptations and obstacles during goal pursuit than counterparts with lower 
autonomous motivation (Leduc-Cummings et al., 2017; Milyavskaya et al., 2015). 
Autonomous goals are more chronically and easily activated, relative to controlling goals 
(Milyavskaya et al., 2015), which makes carrying out intentions an easier and less fatiguing 
endeavour (Moller et al., 2006).  
In addition to behavioural outcomes, our analysis focused on emotional experiences 
following lapses in goal driven behaviour. Stemming from evidence showing autonomously 
motivated individuals may cope with lapse more adaptively (Weinstein & Ryan, 2011), we 
conservatively expected autonomous motivation would not associate with guilt, relief, and 
anxiety. In fact, the influence of autonomous motivation may be stronger than anticipated. 
Across the two studies autonomous motivation was unrelated to anxiety. However, 
autonomous motivation was negatively associated with relief in the diary study but not the 
cross-sectional study. We did not hypothesise a negative association between autonomous 
motivation and relief, but this relationship is conceptually defendable. Relief requires 
individuals have at least some expectation that a behaviour will be threatening (Carver, 
2009). Autonomously motivated individuals, on the other hand, experience lower threat 
responses (Hodgins et al., 2010), so a major ingredient for relief to occur is absent. In 
addition, it seems incompatible that autonomously motivated individuals would experience 
relief when they do not do something that they find pleasurable (Banting et al., 2011; Guérin 
et al., 2013) and enjoyable (Murcia et al., 2008). In addition, autonomous motivation was 
negatively associated with guilt in the cross-sectional analysis and in the diary study when 
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planned exercise, age and gender was controlled for. Autonomous regulation positively 
associates with the tendency to be kind to oneself (Magnus et al., 2010), hence, it is plausible 
that lower guilt occurs when a lapse in intentions occurs. While these findings imply that 
autonomous motivation may dampen emotional experiences during a temporary lapse that 
may encourage long-term behavioural disengagement, the inconsistent nature of our findings 
suggests caution should be taken with this interpretation.  
 As hypothesised, introjected regulation stimulated feelings of guilt and anxiety 
following a lapse in behaviour across both studies and was unrelated with relief. The large 
effect sizes suggest that these relationships are substantial. Introjected motives have been 
implicated in leading to elevated levels of guilt and anxiety previously (e.g., Sabiston et al., 
2010), but this relationship had yet to be demonstrated during acts of disengagement. The 
findings align well with theory maintaining that introjected motivated individuals’ self-
esteem is contingent upon engagement (Ryan & Deci, 2017). As a result, the pronounced 
feelings of the guilt and anxiety after a lapse are a manifestation of impaired self-esteem 
(Crocker & Park, 2004; Pila et al., 2015). Despite this idea, our findings revealed inconsistent 
evidence that introjects promote lapse. Our data contradicts the idea that introjects can be 
powerful motivators in the short-term (Teixeira et al., 2012) or help orient attention to 
reparatory behaviours (Graton & Ric, 2017). More likely is that the negatively valanced 
affect associated with introjected regulation, including guilt, hampers self-control processes 
(Hofmann & Fisher, 2012; Muraven et al., 2005; Tice, Bratslavsky, & Baumeister, 2018). 
This explains why introjected regulation may not promote long-term behavioural engagement 
(Pelletier et al., 2001) and individuals possessing controlled motives find progress towards 
their goals a more difficult undertaking (Leduc-Cummings et al., 2017; Werner et al., 2016).  
As expected, external regulation was unassociated with anxiety and guilt. This finding 
is consistent with theory maintaining that externally regulated individuals’ self-esteem is 
unlikely to be at stake when a lapse occurs (Ryan & Deci, 2017). In fact, we expected that 
external regulation would be positively associated with feelings of relief and lapse, but this 
was only found in Study 1. External regulation may play less of a role in specific incidents of 
lapse, like those investigated in Study 2, compared to the more general processes examined in 
Study 1. Moreover, the link between external regulation, lapse and relief may be complex. If 
the external contingency driving behaviour, rather than the behaviour itself, represents a 
threat to the individual of some kind, then failure to carry out the behaviour will trigger this 
threat and not provide relief. Indeed, external regulation in academic contexts, such as the 
threat of punitive measures for non-engagement, has been shown to positively associate with 
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anxiety (Pekrun et al., 2002). On the contrary, if the behaviour poses a greater threat, 
compared to the contingency, then relief will occur. Overall, it can be concluded that external 
contingencies, such as incentives and coercions, do not reliably predict goal-directed exercise 
behaviour (Finkelstein et al., 2016; Ng et al., 2012) and offer little protection in preventing 
lapse (Marlatt & Donovan, 2005; Wagner & Heatherton, 2015). 
Limitations and Future Directions 
 These studies enhance knowledge of the motivational and emotional processes 
underpinning lapse. Nonetheless, a limitation was that lapse was measured via self-report. 
Complementary measures of lapse may come in the form of gym attendance records in the 
exercise domain, biomarkers in response to medication adherence, or parental reports of 
homework completion in the academic domain. A second future direction would be to 
investigate the specifics around lapse and exercise disengagement. The reasons individuals 
give for lapsing may moderate the relationship between motivation and emotions following 
lapse. For example, greater experiences of guilt and anxiety following lapse may occur due to 
factors perceived to be controllable (i.e., an individual that does not feel up for exercise), 
compared to uncontrollable factors (i.e., an individual that is injured; Wagner & Heatherton, 
2015). Similarly, experiences of relief following lapse may be more likely to positively relate 
to external regulation when lapse is perceived by individuals to free them from external 
pressures, rather than to expose them to the undesirable consequences which initially 
generated the external motives. With respect to the specifics of exercise, the duration of 
exercise individuals typically engage in may explain lapse likelihood and emotional 
responding. For instance, failing to complete a 90-minute exercise session may elicit a 
different emotional response relative to failing to complete a brief 20-minute bout. Third, 
individuals’ motivation for exercise was only measured at one time-point in the present 
studies. We made this decision because we wanted to focus on contextually-based motives. 
Nonetheless, individuals’ reasons for engaging in exercise and physical activity contexts can 
also change over time (Taylor, 2017), particularly in individuals undergoing major changes in 
their exercise behaviour or plans (Silva et al., 2011). Multiple measurements of motivation 
may better capture these dynamics and may provide more temporally-based evidence linking 
motivation with emotion and lapse. Finally, we implicated the role of perceived threat in 
processes involving controlling motivation regulations. It would be of interest to investigate 
the relative threat posed by the underlying motivation, compared to the behaviour, and the 
different emotional and behavioural consequences. 
Practical Implications 
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 The present research helps inform practitioners and policy makers of which exercise 
motives help or hinder healthy exercise engagement. Given the likely negative impact of 
lapse and lapse-related outcomes (e.g., maladaptive emotions) on the frequency and longevity 
of exercise engagement (Schumacher et al., 2017; Stetson et al., 2005), the present findings in 
particular underline the need for two key considerations in order to enhance exercise 
adherence: to guide exercisers towards modalities in which they are already self-determined, 
or provide them with the ingredients necessary to become more self-determined in presently 
undertaken exercise modalities. 
Conclusion 
This study provides evidence linking individuals’ motivational regulation for goal-
directed behaviour with their post-lapse emotional experiences and tendency to lapse. 
Specifically, our findings show autonomous motivation is important for reducing the 
likelihood of lapse. More controlling motives, in contrast, showed weak links with lapse, and 
in the case of introjected regulation may facilitate self-regulatory failure by promoting 
maladaptive emotional responses. 
Footnotes 
1 Although related, introjected regulation is distinct from feelings of guilt because the 
former construct reflects the preceding desire to avoid such emotion, rather than the 
consequential affective state per se. 
2 In the diary study, we also attempted to investigate whether motives for exercise 
predicted speed of reengagement in exercise following lapse. However, due to several 
limitations, including a large number of uncompleted responses to this variable and 
systematic bias, we did not include this variable in this article.
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Chapter 2 provides compelling evidence linking more self-determined involvement in 
exercise with improved self-regulatory outcomes. This research has clear utility for guiding 
policy decisions aimed at promoting exercise engagement or reducing self-regulatory failure in 
the exercise domain. Despite the value of this research, it yet remains of interest to gain a more 
detailed insight into how motives for doing exercise impact individuals’ ability to effectively 
self-regulate. Specifically, although more self-determined involvement facilitates self-regulation 
via a reduced number of perceived obstacles (Milyavskaya et al., 2015), and greater ease in goal 
achievement (Werner et al., 2016), it remains less well understood whether more self-determined 
involvement may also aid self-regulation by improving individual’s ability to overcome 
moments of adversity when they do arise. Given challenges to goal attainment represent a highly 
prevalent aspect of daily life (Hofmann et al., 2012), examining whether individuals reasons for 
engagement may facilitate self-regulation via improved persistence is of clear interest.  
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Abstract 
 In line with aims of the PhD, the present studies aimed to examine the motivation-self-
regulation relationship by investigating whether priming autonomous motivation facilitated 
persistence and plans to do exercise. Two double-blind, between-subject experiments involved 
participants being randomised to Autonomous Motivation, Controlling Motivation, or Neutral 
prime conditions using a scrambled-sentence test. Participants then attempted an impossible 
persistence task and reported their exercise intentions. Despite some positive findings in Study 3, 
Study 4 and an internal meta-analysis showed autonomous motivation prime did not influence 
persistence or planned exercise relative to the controlling motivation and neutral prime. In 
contrast to previous research, priming motivation did not influence persistence or subsequent 
planning, thus questioning the extent to which motivational priming modalities may have 
practical value. Unanticipated moderation effects or a failure to manipulate motivation may be 
the most likely reasons for these findings.  
 Keywords: motivation, priming, persistence, exercise, self-determination 
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Introduction 
Persisting in a course of action despite difficulty or opposition represents a crucial characteristic 
for success in life, including high academic achievement, good physical and psychological 
health, and relatively higher earnings (Duckworth, Peterson, Matthews, & Kelly, 2007; Heaven 
& Ciarrochi, 2008; Moffitt et al., 2011). Despite these benefits, many individuals do not persist 
with their goals, choosing instead to respond to set-backs or difficulties by quitting (Marlatt & 
Donovan, 2005) or opting for easier options. Responding to difficulties by dispensing with a goal 
may occasionally have value (Ntoumanis et al., 2014a), but desistance on the whole is likely to 
be maladaptive. For instance, responding to difficulties by giving up on health goals leads to 
insufficient physical activity or poor diet (Cappelli & Mobley, 2017; Sallis et al., 2016). 
Therefore, it is of interest to identify factors which may facilitate persistence. In accordance with 
the aims of the PhD to examine how diffential motivational involvement promotes or hinders 
individual’s ability to effectively self-regulate, this study investigated persistence and desistance 
from a motivational perspective. 
Self-determination theory (SDT; Ryan & Deci, 2017) is highly relevant for understanding 
the motivational processes driving persistence and desistance. A fundamental tenet of SDT is 
that different types of motivation vary on a continuum ranging from high quality autonomous 
motivation to low quality controlling motivation. Autonomous reasons for engaging in an 
activity are typically fun and interesting (intrinsic motivation), congruent with one’s core identity 
and beliefs (integrated regulation), or of personal value (identified regulation). In contrast, 
activities that are pursued because of internal pressures, such as to avoid guilt or protect one’s 
contingent self-esteem (introjected regulation), or external pressures, such as reward or coercion 
(external regulation) are controlling types of motivation (Ryan & Deci, 2017). Autonomous 
reasons for engagement are likely to facilitate persistence because self-oriented individuals 
experience less internal conflict and more fully engage the cognitive, affective, and energetic 
resources that facilitate engagement (Ryan & Deci, 2017). Relative to controlling motives, 
autonomous motivation has been shown to be more strongly associated with behavioural 
persistence when exposed to repeated failure (Moller et al., 2006). This may be due to increased 
sensitivity to self-regulatory errors (Legault & Inzlicht, 2013) and greater task-oriented coping 
(Gaudreau et al., 2012). Individuals pursuing a goal for autonomous, as opposed to controlling, 
reasons have reported goal pursuit to be easier (Milyavskaya et al., 2015; Werner et al., 2016), 
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and less rife with obstacles (Leduc-Cummings et a., 2017). Collectively, these findings imply 
that the quality of motivation individuals have for a behaviour is likely to underpin persistence. 
Methods used to promote autonomous motivation include providing choice (e.g., Legault 
& Inzlicht, 2013), showing individuals they are valued and not forced to participate (Muraven et 
al., 2008), and providing individuals with a meaningful rationale for doing the activity (Deci, 
Eghrari, Patrick, & Leone, 1994). Priming autonomous involvement in an activity has also been 
shown to be a useful tool (Levesque & Pelletier, 2003). Priming refers to activating an 
individual’s cognitive structures, usually outside of their awareness, with the aim of influencing 
their thoughts, feelings or behaviour (Cameron et al., 2012). Because the mind is organised in 
associative networks, it is theorised that activating a particular concept will trigger connected 
notions (Bargh, 2013). In other words, priming promotes the accessibility of concepts, making 
them more likely to be utilised in subsequent cognitive and behavioural processes. For instance, 
priming individuals with ‘polite’ words should activate cognitive structures that make 
individuals more likely to think, feel or behave in polite ways (Bargh, Chen, & Burrows, 1996). 
Priming effects have been demonstrated to influence a wide array of outcomes including 
attitudes, stereotypes, norms, emotions, and behaviour (Bargh, 2006; Cameron et al. 2012; 
Weingarten et al., 2016). Priming can complement explicit interventions aimed at initiating and 
maintaining behaviour change (e.g., Silva et al., 2010) because they can remain in place long-
term at low cost (Papies, 2016) and do not require extensive use of personnel (Hollands, 
Marteau, & Fletcher, 2016). Priming approaches also give greater methodological heterogeneity 
and representation of different ways motivation and persistence may be related. For these reasons 
it is important to explore whether priming autonomous motivation may promote persistence. 
Although previously established priming effects have been called into question (e.g., 
Harris et al., 2013; Shanks et al., 2013), the effectiveness of priming autonomous motivation has 
been frequently observed over the past 15 years. Exposing individuals, either subliminally or 
supraliminally, to words (e.g., ‘freedom’, ‘volition’, and ‘choice’) or other autonomously 
motivated individuals has led to self-reported autonomous engagement (Levesque & Pelletier, 
2003; Radel et al., 2009; Scarapicchia et al., 2013; Weinstein, Deci, & Ryan, 2011). Autonomous 
motivation primes have also given rise to increased levels of enjoyment (Banting et al., 2011; 
Brown et al., 2016), higher implicit self-esteem (Hodgins et al., 2007), reduced levels of 
defensiveness (Hodgins et al., 2006; Hodgins et al., 2010), more adaptive emotional expression 
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(Weinstein & Hodgins, 2009), and higher levels of creativity (Weinstein et al., 2010). These 
processes imply that primed autonomous motivation will lead to enhanced persistence because 
favourable cognitive and emotional states represent positive motivational inputs that increase the 
value of persevering with the desired goal (Berkman et al., 2016). There is support for this idea 
in exercise contexts (Ntoumanis et al., 2014a; Radel et al., 2009). In addition, a scrambled 
sentence task which primed autonomous motivation led to participants making more attempts at 
a frustrating (and unbeknownst to participants, impossible) geometric task, relative to 
participants primed to experience controlling motivation, or were not primed at all (Keatley et 
al., 2014). However, further tests of this effect are required due to the fragility of priming effects 
and experimenter awareness of participant condition, which may considerably influence priming 
studies (Doyen et al., 2012; Gilder & Heerey, 2018). Accordingly, the aim of Study 1 was to 
replicate the findings of Keatley et al (2014).  
If autonomous motivation makes persistence easier (Milyavskaya et al., 2015; Werner et 
al., 2016), then this raises the possibility that cognitive resources and vitality remain available for 
planning of subsequent events (Berkman et al., 2016; Hagger et al., 2010). In contrast, 
cognitively depleted individuals may be less inclined to make immediate plans (Sjåstad & 
Baumeister, 2018) or plans that are less certain of being effectively actioned  (Lyu et al., 2017) 
because planning involves effortful self-regulatory processing, control over thoughts and the 
mental construction of steps from present to a future goal state (Sjåstad & Baumeister, 2018). 
This idea has been demonstrated in self-reported depleted individuals planning less exercise for 
the following day, compared to less depleted individuals (Rebar et al., 2018). As such, 
autonomously motivated individuals should experience a task as less depleting, relative to 
individuals experiencing controlled motivation, therefore, they should make greater subsequent 
plans (to exercise in the present studies). As an applied example of this process in action, 
consider how motivation towards work may influence engagement in work assignments, and this 
engagement may energise or de-energise subsequent post-work exercise intentions. 
Present Studies 
 Autonomous motivation has been positively associated with greater exercise plans 
previously (Banting et al., 2011; Magaraggia, Dimmock, & Jackson, 2014) but these studies 
tested a direct motivation process occurring in one context (i.e., how exercise motivation 
influences exercise plans). The present study investigated a more elaborate process. Two 
  
 
58 
experimental studies were conducted to explore whether an autonomous motivation prime was 
effective in promoting individuals’ persistence during a geometric task designed to elicit 
repeated failure, relative to a controlling or neutral prime. This is an attempt at replicating 
previous findings (Keatley et al., 2014), therefore, we similarly hypothesised that priming 
participants to experience autonomous/controlling motivation would increase/decrease 
persistence on the geometric task (hypothesis 1). In addition, we investigated whether any 
anticipated effects in the first phase would influence participants plans to engage in exercise. 
Based on motivational influences on subsequent cognitive resources (Moller et al., 2006) and 
cognitive depletion effects on subsequent plans (Rebar et al., 2018; Sjåstad & Baumeister, 2018), 
we hypothesised that participants in the autonomous/controlling condition would plan more/less 
exercise, relative to a neutral condition (hypothesis 2). In both studies presented in this paper, we 
report how we determined our sample size, all data exclusions (if any), all manipulations, and all 
measures in the study according to the recommendations made by Simmons, Nelson, and 
Simonsohn (2012). 
Study 3  
Methods 
Participants. With a power of .80, an alpha of .05, and a three-group design, G*Power 
(Faul, Erdfelder, Lang, & Buchner, 2007) estimated 66 participants were required to identify a 
large effect (f = .40). This sample size was the target, however, we also considered the very large 
effects obtained in previous work (equivalent f > 1; Keatley et al., 2014). In total, fifty-eight 
participants (Mean age = 21.31 years, SD = 5.3 years; 39 female) were recruited to this study 
from the general public and from Psychology classes at a university in the United Kingdom. 
Students recruited from Psychology classes were offered course credit for their participation. 
Ethical approval was granted by the University Ethics Committee prior to study commencement. 
Procedure. Participant consent was obtained before testing. The experimenter 
necessarily misinformed participants that the study aim was to explore the link between 
cognitive ability and exercise behaviour. Prior to their session, participants reported their typical 
exercise levels to rule out differences across groups (see Self-Report Measures for more details). 
Upon arrival for their session participants recorded their age and gender (for descriptive 
purposes) and mood to rule out differences across groups (see Self-Report Measures section). 
Participants were then familiarised with a geometric problem-solving task taken from 
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Baumeister, Bratslavsky, Muraven, and Tice (1998). This required they trace the lines of a 
geometric figure without retracing any lines or lifting their pencil from the paper. Multiple 
attempts were permitted for each of two solvable figures until they were solved, or ten minutes 
had elapsed.  
      To commence the experimental manipulation, participants were then handed the 
Scrambled-Sentence Test (SST; Srull & Wyer, 1979) and misinformed it represented a measure 
of language ability. Rather, this test served to prime participants to think, feel, and behave in 
condition-relevant ways. Pilot testing conducted prior to this study suggested participants were 
unlikely to identify with the SST’s actual purpose. The SST consisted of twenty-four 
grammatically incorrect sentences containing five words (e.g., there, now, is, forget, it). 
Participants were required to reconstruct the sentences to make them grammatically correct by 
using any four of the five words (e.g., it, is, there, now).  
Three versions of the SST were constructed to prime individuals to experience 
autonomous motivation, controlling motivation, or a neutral prime, respectively. For the 
autonomous and controlling conditions, twelve of the twenty-four items contained a word 
semantically congruent with the respective condition. The words incorporated into the sentences 
were also similar to those used in previous motivational priming research (Keatley et al., 2014). 
Prior to the study, four researchers with knowledge of SDT rated the extent to which they 
believed the collection of words related to controlling and autonomous motivation, respectively 
(on a 7-point Likert scale ranging from ‘1 – not true at all’ to ‘7 – very true’). Autonomous 
words were given a mean score of 5.52 and the controlling words given a mean rating of 5.25, 
indicating that the words had face validity. For the controlling condition, the priming words used 
were: pressured, coerced, forced, manipulated, obliged, prevented, controlled, pushed, 
repressed, compelled, constrained, and restrained. For the autonomous condition, the priming 
words used were: volitional, authentic, valued, engaged, autonomous, voluntary, choice, free-
will, intrinsic, freedom, optional, and internally. For the neutral condition, the priming words 
used were: ready, athletic, coming, distracted, asleep, useful, intelligent, taught, consistent, hot, 
understandable, and normal.  
Participants first read the SST instructions provided, and then completed two practice 
sentences, which were checked for accuracy to ensure participants understood the task. If 
mistakes were made participants were shown an example solution. Participants were randomised 
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to an experimental condition and were informed they were to complete all twenty-four sentences 
as quickly and accurately as they could, and to press a bell upon completion. The SST was 
presented to participants inside an envelope, so the experimenter remained blind to their 
experimental condition. Any participants having not completed the SST within a fifteen-minute 
period were stopped by the experimenter. Explicit manipulation checks may negatively impact 
prime effectiveness (Bargh, 1992), therefore, we did not assess whether motivation was 
manipulated at this point in the experiment. 
Immediately after the SST, participants attempted to complete two figures of the 
geometric tracing task, however, unbeknownst to participants these figures were impossible to 
solve. The following instructions were read aloud to participants verbatim prior to beginning the 
task: 
‘You can take as much time and as many trials as you want. You will not be 
judged on the number of trials or the time you will take. You will be judged on 
whether or not you finish tracing the figures. When you have completed the task, 
press the bell to get my attention. However, if you feel like you are unable to 
complete the task, you may also press the bell.’ 
       The duration participants spent on this task represented a measure of persistence. In line 
with previous research (Baumeister et al., 1998) any participants reaching forty minutes were 
stopped by the experimenter. Participants then completed a self-report questionnaire to record 
their exercise plans during a typical week (see Self Report Measures section), and were fully 
debriefed on the study’s true aim and thanked for their participation. 
Self-Report Measures. Typical Exercise Behaviour. Each participants’ typical level of 
exercise behaviour was measured using the Godin Leisure-Time Exercise Questionnaire 
(GLTEQ; Godin & Shephard, 1985). This measure included the stem ‘During a typical 7-day 
period (a week), how many times on the average do you do the following kinds of exercise for 
more than 15 minutes during your free time?’. Participants recorded the number of sessions that 
were strenuous, moderate, and mild. The number of sessions at each intensity were then 
multiplied by their metabolic equivalent (MET) value (strenuous=9, moderate=5, mild=3), and 
summed for an overall exercise behaviour value. This questionnaire is reliable, and has been 
validated against physical fitness assessments showing higher ratings on the scale to positively 
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correlate with VO2max performance, and to negatively correlate with percentage body fat (Godin 
& Shephard, 1985). 
Mood. The pleasant/unpleasant subscales of the valid and reliable Brief Mood 
Introspection Scale (BMIS; Mayer & Gaschke, 1988) were used as a measure of mood. 
Participants rated 16 items relevant to their current mood on a 4-point Likert scale ranging from 
1 (‘definitely do not feel’) to 4 (‘definitely feel’). An overall mood score was calculated by 
subtracting the summed score of the unpleasant subscale (8 items) from the summed score of the 
pleasant subscale (8 items). 
Planned Exercise Behaviour. Each participant’s planned level of exercise behaviour was 
measured using the GLTEQ with a modified stem: ‘During a typical 7-day period (a week), how 
many times do you plan on doing the following kinds of exercise for more than 15 minutes 
during your free time?’. The remainder of the questionnaire and procedure was identical to the 
measure of typical behaviour. 
Results 
Mean scores across conditions are displayed in Table 3.1. Preliminary Analysis using 
one-way ANOVA found no significant differences for mood, F(2,55) = .12, p = .89, SST 
duration, F(2,55) = .47, p = .63, or typical exercise behaviour, F(2,55) = .26, p = .77, across 
conditions. Twelve participants (20.7%) persisted for the full 40 minutes during the impossible 
tracing task and were subsequently stopped by the experimenter. One-way ANOVA revealed a 
trend towards differences between conditions on the impossible tracing task (hypothesis 1), 
F(2,55) = 2.66, p = .08, with a medium effect size (η𝑝
2  = .09, 95% CI [.00, .23]). Post-hoc 
analysis revealed participants in the neutral condition persisted more than participants in the 
autonomous (28.6 vs. 21.6min, p = .04, d = .63, 95% CI [-.02, 1.27]) and controlling (28.6 vs. 
21.8min, p = .05, d = .68, 95% CI [.04, 1.35]) conditions. No differences were found between 
controlling and autonomous conditions (21.8 vs. 21.6min, p = .96, d = .05, 95% CI [-.64, .61]). 
One-way ANOVA revealed no significant difference between conditions on planned exercise 
behaviour (hypothesis 2) F(2,55) = .55, p = .58, η𝑝
2  = .02, 95% CI [.00, .11). 
Brief Discussion 
 Study 3 did not support our hypothesis that priming autonomous motivation 
would promote persistence; in fact, our findings suggest the autonomous motivation prime  
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reduced persistence compared to the neutral prime. A reduction in persistence is contrary to 
effects previously reported (Keatley et al., 2014) and other prototypically self-determined 
responses (e.g., Ntoumanis et al., 2014b; Radel et al., 2009). On the other hand, priming 
controlling regulation did elicit expected reductions in persistence relative to the neutral prime. 
This similarity across conditions despite qualitatively separate motivational conditions was 
surprising, hence, needed replication. Moreover, it is of interest to explore why autonomous 
primes led to a similar behavioural outcome as a controlling prime. That is, despite a similar 
decreased level of persistence (compared to a neutral prime), was the underlying experience 
distinct in the autonomous condition and the controlling condition? Our findings also show that 
priming conditions did not differ in exercise plans. This finding departs from our hypothesis, but 
it is not surprising given we did not observe the different levels of depletion resulting from 
autonomous and controlling motivation in the first phase of the experiment. In accordance with 
previous research (Rebar et al., 2018; Sjåstad & Baumeister, 2018), we expected autonomous 
participants to plan more exercise, because they were less depleted in the first persistence task, 
 
Controlling 
Motivation (n = 19) 
Autonomous 
Motivation (n = 20) 
Neutral (n = 19) 
Mood (potential 
range: -32 to 32) 
8.11 (2.66) 8.80 (1.76) 8.26 (1.65) 
Scrambled Sentence 
Test Duration (min) 
8.15 (0.87) 8.65 (1.31) 7.93 (0.92) 
Impossible Tracing 
Task Duration (min) 
21.80 (4.33) 21.63 (5.36) 28.55 (4.33) 
Typical Exercise 
Behaviour (METS) 
51.95 (8.68) 49.65 (14.05) 56.68 (16.94) 
Planned Exercise 
Behaviour (METS) 
63.79 (12.87) 67.10 (19.44) 78.79 (27.32) 
Table. 3.1. Mean scores of study variables across conditions in Study 3 (95% confidence interval [±] 
included in brackets). 
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but this was not the case. Our data showed no evidence that autonomously primed individuals 
had greater self-control for making enhanced exercise plans, compared to individuals primed 
with controlling motivational regulations.  
Study 4 
 Study 3 showed individuals primed to experience autonomous or controlling motivation 
persisted less than neutrally-primed individuals. No differences existed across conditions with 
respect to subsequent exercise plans. Study 4 aimed to replicate the findings of Study 3 (hence, 
hypotheses 1 and 2 were tested again), and explore a number of questions related to the quality 
of engagement during the persistence task, which Study 3 was not designed to answer. 
Autonomous motivation is characterised by more adaptive responding to setbacks and failures, 
relative to controlling motivation (Legault & Inzlicht, 2013). We, therefore, hypothesised that 
participants in the autonomous/controlling condition will report greater/less frustration during the 
tracing task (hypothesis 3). In addition, autonomous individuals generally experience a greater 
intensity of engagement, relative to controlled counterparts (Banting et al., 2011). Accordingly, 
the intensity of self-regulatory engagement was measured, in the form of heart rate variability 
(HRV) and a subjective measure of mental exertion. Increased HRV levels from baseline are 
theorised to be reflective of greater self-regulatory engagement because both heart rate and top-
down self-regulatory activity (i.e., pre-frontal cortex activation) are linked via the 
parasympathetic nervous system (Segerstrom & Nes, 2007). Specifically, increased pre-frontal 
cortex activation is theorised to stimulate parasympathetic nervous system activity, which in turn 
increases HRV via momentary reductions in heart rate (Holzman & Bridgett, 2017). As such, we 
hypothesised that participants in the autonomous/controlling condition would experience 
greater/less increases in HRV (hypothesis 4) and report higher/lower mental exertion (hypothesis 
5) during the tracing task. A number of other methodological changes were made in Study 4 in 
order to strengthen conclusions. This included measures of task motivation and importance (as 
possible confounding variables) and a funnel debriefing method. Finally, the measure of typical 
exercise behaviour was removed given concerns it may have biased reports of planned exercise 
behaviour. 
Methods 
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Participants. Ninety-two participants (Mean age = 19.92, SD = 3.87; 64 female) were 
recruited to this study in the same way as Study 3. Ethical approval was granted by the 
University Ethics Committee prior to study commencement. 
Procedure. All procedures were identical to Study 3, except for changes listed in the 
following sections. Upon entering the lab, participants were asked to wear a Polar Heart Rate 
(HR) monitor (Polar Team Pro, Polar Electro Ltd, Warwick, UK), and informed their HR was 
being monitored to explore physiological responses to the problem-solving tasks. Participants 
were asked to sit quietly and still for a period of five minutes. The initial two-minute period was 
used for HRV stabilization (Flatt & Esco, 2016) and the remaining three minutes represented an 
acceptable period for recording baseline HRV (Laborde, Mosley, & Thayer, 2017). HRV was 
measured using the root mean square of successive differences (RMSSD), which represents the 
mean variation in duration between heart beats over a particular temporal period (Laborde et al., 
2017). HRV was then recorded throughout the tracing task, and a change score from baseline 
calculated for use in further analysis. 
 Participants then completed the BMIS, the practice geometric task, the SST, and an 
additional measure of tracing task importance. During the impossible tracing task, the maximum 
duration before participants were stopped was extended from forty to forty-five minutes in order 
to reduce the number of participants stopped by the experimenter. After the tracing task, 
participants completed measures of mental exertion, task motivation, frustration, and planned 
exercise behaviour. Participants then completed a funnelled debriefing method to explore 
participant suspicion as to the study’s true aims (see Chartrand & Bargh, 1996). Participants 
were informed the session was completed and thanked for their participation. 
Self-Report Measures. Mood. As in Study 3. 
Tracing Task Importance. Task importance was measured by participants indicating the 
extent they agreed with the statement ‘This activity is important to me’ on a Likert scale ranging 
from 1 (‘corresponds not at all’) to 7 (‘corresponds exactly’).  
Mental Effort. The Borg scale (Borg, 1982) was used to measure mental effort 
experienced during the impossible tracing task. The original Borg scale has demonstrated good 
validity (Chen, Fan & Moe, 2002). The scale used in the present study was preceded by the stem: 
‘How much mental effort did you exert while performing the tracing task?’. Participants rated 
their mental effort on a scale ranging from 0 (‘nothing at all’), to 13 (‘absolute maximum’). 
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Task Motivation. The Situational Motivation Scale (SIMS; Guay, Vallerand, & 
Blanchard, 2000) measured the quality of motivation participants had during the impossible 
tracing task. The SIMS measures four types of motivation (intrinsic motivation, identified 
regulation, external regulation, and amotivation) and includes sixteen questions (four questions 
per motivation type). Each question included the stem ‘Please circle the number that best 
describes the reason why you are currently engaged in this activity’. Participants answered on a 
Likert scale ranging from 1 (‘corresponds not all’) to 7 (‘corresponds exactly’). This scale has 
demonstrated satisfactory validity and reliability in previous research (Guay et al., 2000). A self-
determination index (SDI) was computed from participants motivation scores in order to reduce 
the number of variables in analyses. The SDI was calculated using the following formula: 
(2*intrinsic + 1*identified) – (1*external + 2*amotivation). Higher SDI scores reflect increased 
autonomous engagement. 
Frustration. Frustration was measured using a modified single item taken from Bray, 
Martin Ginis, Hicks, & Woodgate (2008): ‘How frustrated did you feel when performing the 
tracing task?’. Participants rated their frustration on a Likert Scale ranging from 1 (‘not at all 
frustrated’) to 7 (‘extremely frustrated’). Previous research shows this measure to be sensitive to 
differences in self-regulatory demands (Bray et al. 2008). 
Planned Exercise Behaviour. As in Study 3.  
Results 
All results are displayed in Table 3.2. Preliminary Analysis using one-way ANOVA 
found no significant differences across conditions for HRV at rest, F(2,78) = .24, p = .79; mood, 
F(2,89) = .28, p = .76; tracing task importance, F(2,88) = .91, p = .41; motivation, F(2,88) = .76, 
p = .47, and SST duration, F(2,89) = 2.12, p = .13. Seventeen participants (18.5%) persisted for 
the full 45 minutes during the impossible tracing task and were subsequently stopped by the 
experimenter.  
One-way ANOVA across conditions found no significant differences for impossible 
tracing task duration (hypothesis 1) F(2,89) = .14, p = .87, η𝑝
2  = .003, 95% CI (.00, .04) planned 
exercise behaviour (hypothesis 2), F(2,89) = 1.09, p = .34, η𝑝
2  = .02, 95% CI (.00, .10), 
frustration (hypothesis 3), F(2,89) = 0.34, p = .71, η𝑝
2  = .01, 95% CI (.00, .06), HRV during the 
impossible tracing task (hypothesis 4), F(2,77) = 0.35, p = .71, η𝑝
2  = .01, 95% CI (.00, .07), and 
mental effort (hypothesis 5), F(2,89) = .50, p = .61, η𝑝
2  = .01, 95% CI (.00, .07). 
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Brief Discussion 
 Study 4 did not support our hypothesis that priming autonomous motivation would 
promote greater persistence and exercise plans relative to the controlling motivation prime and 
neutral prime. In contrast to Study 3, the controlling and autonomous motivation primes did not 
reduce persistence relative to the neutral prime. A key focus of Study 4 was to explore whether 
motivational primes influenced the quality and engagement in a task, even though behavioural  
differences may not manifest. However, no evidence of this was found, with the priming 
manipulation eliciting no effects on frustration, mental effort, and HRV. It is possible that our 
 
Controlling Motivation 
(n = 31) 
Autonomous 
Motivation (n = 30) 
Neutral (n = 31) 
Mood (potential range: 
-32 to 32) 
8.48 (2.13) 9.37 (2.21) 9.45 (1.65) 
Scrambled Sentence 
Test Duration (min) 
9.60 (0.92) 8.92 (0.81) 8.38 (0.76) 
Task Importance 
(potential range: 1 to 7) 
3.74 (0.55) 3.47 (0.45) 3.93 (0.42) 
Impossible Tracing 
Task Duration (min) 
26.45 (2.48) 26.96 (2.31) 28.17 (2.23) 
HRV Change (from 
baseline; RMSSD) 
-2.46 (4.89) -0.28 (2.74) 1.86 (3.26) 
Mental Effort (potential 
range: 0 to 13) 
6.68 (0.36) 7.2 (0.49) 7.19 (0.43) 
Task Motivation 
(potential range: -18 to 
18) 
2.41 (1.56) 3.79 (1.68) 3.48 (1.68) 
Frustration (potential 
range: 1 to 7) 
5.29 (0.21) 5.03 (0.25) 5.26 (0.26) 
Planned Exercise 
Behaviour (METS) 
53.77 (3.61) 63.3 (5.14) 59.81 (4.99) 
Table. 3.2. Mean scores of study variables across conditions in Study 4 (95% confidence interval [±] 
included in brackets). 
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priming manipulation was ineffective in creating distinct motivational states. However, our 
priming manipulation shares many similarities with previous research evidencing hypothesised 
effects (e.g., Brown et al., 2016; Keatley et al., 2014) and so alternative explanations should be 
given consideration. Our studies may have been underpowered to identify motivational priming 
effects which, in actuality, may typically be of a small-to-medium magnitude (Ntoumanis et al., 
2014b; Weingarten et al., 2016) rather than large effects observed elsewhere that we based our 
recruitment on (i.e., Keatley et al., 2014). Alternatively, unanticipated moderators unique to the 
present studies may have influenced how our prime manifested, and we discuss this possibility in 
the General Discussion below.  
Internal Meta-Analysis 
 Given arguments that meta-analysing experimental effects tighten conclusions 
surrounding the size of an effect (Goh, Hall, & Rosenthal, 2016), we estimated the fixed effects 
of motivational priming on tracing study duration and planned physical activity across both 
experiments. Post-hoc comparison effect sizes of the influence of the motivational primes on 
tracing task duration and planned exercise behaviour were extracted from each study. The effect 
size for each comparison was weighted based on study sample size, and then combined to form a 
mean value.  
Results 
 The autonomous motivation primes influence on tracing task duration was not 
significantly different to the controlling motivation prime, p = .85, d = .04, 95% CI (-.36, .45), or 
neutral prime, p = .15, d = .30, 95% CI (-.11, .72). The controlling motivation primes influence 
on tracing task duration was not significantly different to the neutral prime, p = .10, d = .35, 95% 
CI (-.06, .77). 
 The autonomous motivation primes influence on planned physical activity was not 
significantly different to the controlling motivation prime, p = .19, d = .27, 95% CI (-.14, .69), or 
neutral prime, p = .44, d = .16, 95% CI (-.25, .57). The controlling motivation primes influence 
on planned physical activity was also not significantly different to the neutral prime, p = .19, d = 
.27, 95% CI (-.13, .69). All the effect sizes obtained in this analysis were small or small-
moderate. 
General Discussion 
Previous research demonstrates that when individuals are autonomously regulated they 
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will tend to persist amidst difficulties for a range of reasons (e.g., Gaudreau et al., 2012; Legault 
& Inzlicht, 2013; Werner et al., 2016). The aim of the present studies was to replicate this effect 
using an autonomous motivation prime preceding a problem-solving persistence task designed to 
elicit repeated failure, relative to a controlling motivation or neutral prime. We further explored 
participants’ plans to engage in exercise following the cognitively demanding task. This was 
undertaken because autonomously motivated persistence is proposed to be less cognitively 
depleting, relative to controlling motivation (Muraven et al., 2008), therefore, individuals have 
greater resources to plan action (Rebar et al., 2018; Sjåstad & Baumeister, 2018). Across both 
studies, meta-analysis showed no support for the hypotheses that priming autonomous 
motivation would promote persistence and plans to engage in exercise relative to the neutral or 
controlling motivation prime. Lack of support for our hypotheses that autonomous/controlling 
primed individuals would experience higher/lower quality of engagement (HRV, frustration and 
mental effort) during the task was also observed.    
 Drawing from theory and evidence, an autonomous motivation prime (relative to neutral 
and controlling motivation prime) was hypothesised to facilitate persistence because more 
autonomous regulation is associated with minimal internal conflict, greater vitality and 
dedication of the self (Ryan & Deci, 2017). This idea has been evidenced in various life 
domains, including during the same impossible tracing task used in the present study (Keatley et 
al., 2014; Moller et al., 2006). Despite theory and evidence, however, our findings across two 
studies show priming autonomous and controlling motivation to elicit no impact on persistence 
relative to a neutral prime. Given our experimenter blinding, something which is particularly 
important in priming studies (Doyen et al., 2012; Gilder & Heerey, 2018), it is reasonable to 
consider the possibility that our priming manipulation may not have increased accessibility to 
distinct motivational states. In addition to persistence, our motivational prime did not impact 
HRV, self-reported motivation, mental effort, or frustration. Hence, it seems clear that our prime 
did not affect the quality of engagement with the persistence task. The SST used was similar in 
length to tasks used in previous research, took a similar duration for participants to complete, and 
used similar priming words (Brown et al., 2016; Hodgins et al., 2006, 2007; Keatley et al., 2014). 
The motivation-relevant words used in the SST were confirmed by four SDT researchers as 
theoretically appropriate. It thus begs the question – if our prime did fail to make distinct 
motivational states more accessible, what specific factors drove this outcome? 
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Our assumption that motivational priming elicits a relatively uniform impact on 
persistence irrespective of unique situational and participant characteristics, was probably 
misguided. Consistent effects have been observed in individuals and dyads (Hodgins et al., 2007; 
Weinstein et al., 2010), following various priming approaches (Brown et al., 2016; Ntoumanis et 
al., 2014b), and when participants do (Ntoumanis et al., 2014b) and do not (Radel et al., 2009) 
expect reward following participation (i.e., course credits, financial). However, the assumption 
that priming effects are invariant across contexts and populations is ‘inconsistent with what is 
known about the evolved, computational nature of the mind’ (Cesario, 2014, p. 41). Even small 
methodological changes increase, decrease or eliminate well-established priming effects. It is 
plausible, therefore, that our null findings may reflect the influence of unanticipated moderators. 
For instance, contrary to SDT tenets, a controlling motivation prime (compared to an 
autonomous motivation and neutral prime) has been shown to promote persistence during a 
problem-solving task, but only for individuals high in attachment anxiety (this effect was 
reversed for individuals low in attachment anxiety; Milyavskaya et al., 2012). Individuals with 
high cognitive accessibility to underlying motivation for academic engagement have been shown 
to be insensitive to motivational priming, compared to individuals with more balanced 
accessibility (Levesque & Pelletier, 2003, Study 4). This is suggestive of a ceiling effect, 
whereby motivational primes may prove ineffective in further promoting accessibility in 
individuals with highly accessible motives. 
 Another possibility is that our hypotheses are compatible with previous evidence 
supporting a motivational effect of primes, but our sample size may have been too small to 
identify it because of a smaller than anticipated magnitude. Our sample sizes were based on 
previously reported large effects (Keatley et al., 2014). However, other priming effects have 
been small-to-medium (Ntoumanis et al., 2014b; Weingarten et al., 2016) which are more 
consistent with our meta-analytic effect sizes. Thus, with all other parameters remaining constant 
(i.e., α = .05, 1 – β = .80), we would have needed between 969 and 159 participants to observe a 
small to medium effect if it existed in our population of interest.  
Given no evidence was available showing our motivational primes gave rise to distinct 
motivational states, it is unsurprising that we did not find any subsequent differences in plans to 
engage in exercise. We hypothesised this process because autonomous motivated activities (i.e., 
our persistence task in this instance) have been shown to be less cognitive depleting, hence, more 
  
 
70 
resources are available to subsequently plan (Sjåstad & Baumeister, 2018). Our null findings also 
contrast with evidenced direct effects of motivational priming on subsequent planning (Banting 
et al., 2011). Overall, however, our data supports neither the indirect process nor direct effects 
outlined above. Echoing the explanations for why we found no differences in persistence across 
conditions, our SST may have been ineffective in making distinct motivational concepts more 
accessible or it did not result in different qualities of engagement requiring more or less 
cognitive resources. The research on the direct effects of motivational primes on plans is 
equivocal. An autonomous motivation prime led individuals to plan exercise of an elevated 
frequency in one study (Banting et al, 2011), elevated duration but not frequency in another 
(Magaraggia et al., 2014), or no differences in exercise plans whatsoever (Brown et al., 2016). 
Our study aligns with the null findings, albeit we attempted to investigate a different indirect 
process via a prior persistence task. It is also possible that any priming effect may have been 
overshadowed by prior exercise habits. Individuals often engage in routinised exercise programs 
that are resistant to change, even in a cognitively depleted state (stemming from the persistence 
task). This effect may explain why novel exercise plans not derived from habits or routines may 
be more susceptible to priming effects (Magaraggia et al., 2014).  
Limitations and Future Directions 
Question marks remain in the present study surrounding the effectiveness of our 
motivational prime to make distinct motivational states more accessible. Future research may 
benefit from implementing primes that are of a higher dosage or duration (Cesario, 2014; 
Weingarten et al., 2016), or oriented specifically towards task engagement. Motivational 
concepts are predominantly accessed in the service of task engagement (e.g., increased 
persistence, task performance; Ntoumanis et al., 2014b; Radel et al., 2009), as opposed to task 
disengagement, yet the link between motivation and specific task engagement can be made more 
explicit. For instance, watching a video (purportedly as part of an unrelated study) showing an 
actor detailing task engagement to be important, challenging, and enjoyable (i.e., the prime used 
in Ntoumanis et al., 2014b) may lead to greater persistence, compared to a SST prime, in which 
the words are not directly related to task engagement. 
It is likely that individuals with rigid exercise routines will be less susceptible to the 
influence of distinct motivational states (Rebar, Elavsky, Maher, Doerksen, & Conroy, 2014). To 
overcome the influence of habitual behaviours, future research should look to explore how 
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motivational primes influence individuals that vary considerably in their exercise plans or study 
this phenomenon with respect to novel behaviours. Because novel behaviours and their 
motivational foundation are not robust, plans may be heavily informed by variable motivational 
inputs. Finally, many failed attempts at replicating priming effects reflect the influence of minor 
differences within the experimental setting, rather than the absence of an effect (Cesario, 2014). 
The minor adjustments we made, such as experimenter blinding, may be highly influential for 
study outcomes and likely to be very impactful on how an effect manifests (Doyen et al., 2012; 
Gilder & Heerey, 2018). Future research, where possible, should attempt identical, rather than 
conceptual, replications of motivational priming. 
Practical Implications 
 While the ability to overcome adversity and set-back is likely critical for exercise plan 
adherence, the present findings shed doubt on the practical efficacy of motivational priming 
interventions to facilitate exercise-related persistence. This is particularly so given our null 
findings may have resulted due to the impact of unknown moderators, and that real-world 
exercise environments are considerably more unstable.  
Conclusion 
 This study provides no evidence that priming autonomous/controlling motivation 
promotes/hinders persistence or plans to engage in exercise, thus conflicting with extant theory 
and evidence. These null findings give rise to numerous potential explanations; prominent 
amongst these is the idea that unanticipated moderating factors may have elicited a substantial 
influence on how motivational primes manifest. These include the possibility that habitual 
exercise and their motivational foundations are resistant to primes or differences in our methods 
impacting the effectiveness of the prime. Potentially, the effect of an autonomous motivation 
prime (relative to a controlling motivation and neutral prime) on persistence and plans to engage 
in exercise is smaller than anticipated or non-existent. 
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Given an absence of compelling evidence showing autonomous and controlling 
motivation primes to influence persistence, Chapter 3 sought to, and ultimately provided, some 
much needed clarity of these relationships. While research is needed to further advance 
understanding of whether, and under what conditions, motivational primes influence persistence, 
Chapter 4 represents a shift in focus away from this topic, and towards gaining a more expansive 
understanding of the motivation-self-regulation relationship. Specifically, although higher 
quality motivation is being increasingly linked with more effective self-regulation, research has 
yet to examine whether differential motivational states specifically predict the extent to which 
individuals can invest effort during exercise in line with effort-based intentions. Considering 
exercise intensity is positively associated with health benefits, and theory and literature 
indicating individuals possessing higher quality motivation should be imbued with greater 
energy for conducting exercise, Chapter 4 aims to examine this somewhat neglected gap in the 
literature. 
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Chapter 4 
Study 5 
 
 
Investing high effort as planned: the role of self-determined motivation during high-intensity 
exercise 
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Abstract 
Purpose: Matching or exceeding intentions to be effortful, otherwise known as intentions-effort 
congruence, is important during high-intensity exercise for eliciting health benefits. Despite this, 
intentions-effort congruence can be difficult. Drawing on self-determination theory, the present 
study investigated whether autonomous motivation relative to controlling motivation for effortful 
exercise helped individuals achieve intentions-effort congruence, and increased enjoyment. 
Design: Experimental, repeated-measures, randomised cross-over design. Method: Forty-one 
participants recorded their intended effort for an upcoming cycling bout and following an 
autonomy-supportive or autonomy-frustrated choice-based manipulation, completed a 
challenging 30-minute cycling bout under standardised instruction. Participants then rated their 
enjoyment of each bout. Intentions-effort congruence was measured using three approaches: by 
subtracting intended effort from a) self-reported effort, b) average heart rate, and c) average heart 
rate during a difficult segment. Results: Preliminary analyses revealed participants did not differ 
between conditions in their motivation (p = .50, partial η2 = .01), their perceived choice (p = 
1.00, d = .00), or their perceived importance of having choice (p = .46, d = .12). Main analyses 
show participants did not differ between conditions in their intentions-effort congruence (self-
reported effort: p = .73, d = .07; average heart rate: p = .80, d = .04; average heart rate during a 
difficult bout segment: p = .99, d = .002), or enjoyment (p = .28, d = .12). Exploratory analyses 
show more autonomous motivation for exercise (between-person analyses) did not predict 
intentions-effort congruence but did marginally positively predict intended effort (β = .47, p = 
.002), actual effort (β = .33, p = .04), and enjoyment (β = .30, p = .06). Discussion: Our inability 
to effectively manipulate motivation precluded the possibility of testing the proposed 
relationship between motivation and intentions-effort congruence, and thus supporting the thesis 
that higher quality motivation would aid self-regulation in the exercise domain. However, 
exploratory analyses indicate more autonomous involvement may not influence intentions-effort 
congruence during high-intensity exercise as expected. 
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Introduction 
The amount of effort individuals exert when engaging in exercise is important for 
physical health outcomes, including the prevention of early mortality, and many non-
communicable diseases (Sallis et al., 2016). Individuals performing exercise at a vigorous, as 
opposed to a moderate, intensity require only half the amount of time in order to elicit similar 
physical health benefits (World Health Organization, 2010). This efficiency is important 
considering time constraints represent a major barrier to optimal exercise engagement (Borodulin 
et al., 2016). Moreover, applying high levels of effort may be important for optimal physical 
adaptations (MacInnis & Gibala, 2017; Marshall, McEwen, & Robbins, 2011), and for 
preventing stagnation (Fisher, Steele, Smith, & Gentil, 2018). Making intentions to exercise at a 
high intensity represents a crucial determinant of whether individuals actually apply the requisite 
effort (Rebar, Maher, Doerksen, Elavsky, & Conroy, 2016). Despite this, individuals may match 
or exceed their effort-based intentions on some occasions, only to have more difficulty sustaining 
effort on other occasions. It is of interest to identify factors which play a role in helping 
individuals achieve congruence between their intentions for high intensity exercise and their 
actual effort investment. The present study tackles this question from a motivational perspective, 
thus providing a novel approach to examining the motivation-self-regulation relationship in the 
exercise domain. 
A theory well placed to explain congruence between intentions and actual effort during 
high-intensity exercise is self-determination theory (SDT), because it maintains individuals will 
engage optimally in activities when their reasons for engagement are autonomous, as opposed to 
controlling (Ryan & Deci, 2017). In other words, engaging in an activity because it is considered 
fun (i.e., intrinsic motivation), aligned with one’s core values and beliefs (i.e., integrated 
regulation), or personally meaningful in some respect (i.e., identified regulation), would be 
expected to promote more optimal engagement, compared to engaging in exercise in order to 
protect one’s contingent self-esteem or to avoid feeling guilty (i.e., introjected regulation), or 
because of external pressures (i.e., external regulation). Autonomous motives lead to optimal 
engagement because they have been internalised, hence, they are associated with less internal 
conflict and increased satisfaction of individuals psychological needs (Ryan & Deci, 2008, 
2017). Indeed, there is much support for this central tenet in physical activity settings (Ng et al., 
2012).  
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Achieving congruence between intentions and effort during high-intensity exercise is a 
self-regulatory issue, because individuals set out an ideal state or goal (i.e., make an intention) 
and then put forth effort to meet that state. Self-regulation is defined as ‘the capacity to enact 
psychologically distant goals in factor of psychologically proximal ones’ (Berkman, 2016, p. 3). 
Autonomous motives and greater self-concordance (i.e., goals that align with the self) positively 
associate with goal progress (Smith et al., 2011), the tendency to make implementation intentions 
(Brickell & Chatzisarantis, 2007), to perceive goal pursuit as easy (Werner et al., 2016) or less 
rife with obstacles (Milyavskaya et a., 2015), and the tendency to employ adaptive coping 
mechanisms upon experiencing adversity (Gaudreau et al., 2012). In contrast, controlling 
regulations relate with outcomes unlikely to aid effective self-regulation, including a greater 
number of perceived obstacles to goal attainment (Milyavskaya et al., 2015, Study 3) and less 
effort invested to enable goal achievement at the between-person level (Milyavskaya et al., 2015, 
Study 3).  
Moreover, relative to controlling motives, autonomous motives promote the effective use 
of self-control, which refers to a specific self-regulatory capacity wherein individuals remain 
congruent with overarching goals specifically when exposed to conflicting prepotent responses 
(Berkman, 2016). For instance, autonomous motivation enhanced persistence during a task 
exposing individuals to repeated failure (Moller et al., 2006), and promoted performance during 
an incongruent stroop task (Graham et al., 2014; Muraven et al., 2007, experiment 2), a go-no-go 
task (Legault & Inzlicht, 2013), a high-pressure tennis serve task (Englert & Betrams, 2015), and 
a vigilance task (Muraven et al., 2008), relative to controlling motivation. This effect is based 
upon theory and literature maintaining that autonomous involvement in an activity reduces self-
control requirements relative to controlling engagement when exposed to goal-desire conflict, 
thus extending how long self-control is typically utilised for (Muraven et al., 2008; Ryan & Deci, 
2008). Self-control is critical during effortful exercise in order to override inherent aversive 
signals (Taylor et al., 2018), and therefore congruence between high-intensity exercise intentions 
and actual effort. However, this is yet to be tested. 
While research shows autonomous motives associate with increased effort during various 
physical activities, including physical education (Taylor et al., 2010), a maximal cycling bout 
(Ntoumanis et al., 2014b), athletic training sessions (Study 2; Mouratidis & Michou, 2011) and 
sporting goal pursuit (Smith et al., 2007; Smith et al., 2011), and that controlling motives do not, 
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this research is unable to support or refute the notion that autonomous motives aid intentions-
effort congruence during high-intensity exercise relative to controlling motives. This is due to 
effort-based intentions not being measured in this research, thus precluding an understanding of 
whether differences in effort during exercise is, at least in part, self-regulatory in nature. Indeed, 
previous research presents the possibility that differences in effort are due to differences in 
intended effort (i.e., autonomous motives facilitate increased effort relative to controlling 
motives due to increased intentions to be effortful), for instance, autonomous motives positively 
associate with intended effort towards personal goals (Gore & Cross, 2006; Holding, Hope, 
Harvey, Marion Jetten, & Koestner, 2017; Sheldon & Elliot, 1998) whereas controlling motives 
relationship with intended effort is inconsistent (e.g., Gore & Cross, 2006; Sheldon & Elliot, 
1998). Accordingly, further research is required, whereby both intended effort and actual effort 
are measured, to achieve a comprehensive understanding of whether autonomous motives 
(relative to controlling motives) play a role in aiding intentions-effort congruence during high-
intensity exercise. Indeed, investigating this gap in the literature may help understand why 
individuals on some occasions experience difficulty sticking to their effort-based intentions 
during high-intensity exercise, but on other occasions experience no such problems. 
The Present Study 
In light of this extant gap in the literature precluding an understanding of motivations role 
in explaining intentions-effort congruence, the present study investigated whether promoting 
autonomous motivation facilitated intentions-effort congruence (which refers to either matching 
effort-based intentions) during a high-intensity cycling protocol, relative to promoting 
controlling motivation. Thus, the present study did not aim to investigate whether motivation 
may also influence effort during exercise via differences in effort-based intentions. Exercise 
enjoyment was also measured given pleasant emotional states can enhance tendencies to utilise 
self-control following prior or extensive self-control use (Loschelder & Friese, 2016), and 
literature showing autonomous motives for exercise typically promote enjoyment relative to 
controlling motives (Banting et al., 2011; Murcia et al., 2008). We hypothesised that promoting 
autonomous motivation would promote both intentions-effort congruence and enjoyment, 
relative to promoting controlling motivation. 
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Methods 
Participants 
An experimental manipulation near identical to that used in the present study had a large 
effect on performance during a cognitive task (Legault & Inzlicht, 2013), however, similar 
manipulations elicited a smaller effect (e.g., Murayama et al., 2013). We, therefore, 
conservatively based our sample-size estimate on a medium effect size. To achieve statistical 
power of .80 with an alpha of .05, G*Power (Faul et al., 2007) calculated 34 participants were 
required for a repeated-measures design. To account for potential dropouts/data corruption, 46 
participants (Mean age = 20.66 years, SD = 2.76 years; 20 females) were recruited to this study 
between March and May 2018 from the general public and from Psychology classes at a 
university in the United Kingdom. Students recruited from Psychology classes were offered 
course credit for their participation, and all participants were informed they would be entered 
into a prize draw to win a £50 Amazon voucher following study completion. Upon measuring 
participants exercise behaviour over a typical 7-day period, thirty-four participants met criteria 
suggesting they were active (Godin, 2011). Six participants were moderately active, three 
participants were insufficiently active, and five participants did not record their typical exercise 
behaviour. Inclusion criteria required participants were moderately active (as defined by 
International Physical Activity Questionnaire Short Form criteria; Cheng, 2016), and aged 
between 18 and 40 years. Informed consent was provided by all participants, and ethical 
approval granted by the university ethics committee prior to study commencement. 
Design & Procedures 
 This study employed an experimental, repeated-measures, randomised crossover design. 
Participants attended a lab on two occasions for a period of approximately one hour. Participants 
were asked to wear clothing suitable for cycling and to make sure they were adequately hydrated, 
and to not train vigorously within 24 hours or eat within two hours of their sessions. Participants 
were also misinformed that the present study aimed to explore whether differences in the type of 
exercise individuals conducted influenced the extent to which they enjoyed the session. One 
experimenter was present with participants during all testing sessions. 
 Upon arrival for their first session, participants were informed they would complete a 
number of questionnaires and a cycling bout lasting 30 minutes on a stationary bike whilst being 
given instruction via a digital screen. Participants then recorded their age, gender, exercise status 
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using the Godin Leisure-Time Exercise Questionnaire (Godin & Shephard, 1985), and a health 
screening questionnaire. Participants were informed that they would be provided with instruction 
on how much effort they should exert during the cycling bout, but ultimately it was up to them 
how hard they actually worked. Effort-based instruction was necessary to ensure participants 
experienced at least some affective discomfort and were thus required to utilise self-control to 
keep exercising. Participants were presented with an adapted Rate of Perceived Exertion scale 
(Borg, 1982), and asked to record how much effort they intended to exert during the upcoming 
bout. This occurred prior to the experimental manipulation to rule out the possibility that 
motivation influenced effort via intentions.  
 Participants were then randomly allocated, in a counterbalanced order, to either the 
autonomous motivation or controlling motivation condition. In either condition, participants 
were informed they could choose which cycling session they participated in from four options: 
‘Grit Attack’, ‘Testing Tempo’, ‘Metabolic Stimulus’, and ‘Daily Grind’. Participants were 
informed these sessions differed in how they targeted the body, with sessions differing in overall 
intensity, the amount of rest between high-intensity efforts, and the regularity in which 
instruction is given. In actuality all sessions were identical. In the autonomous motivation 
condition, participants were simply given a choice of session. In the controlling motivation 
condition participants were provided with choice, but then additionally informed that fewer 
participants had chosen the ‘Daily Grind’ session and it would be really great and appreciated by 
the experimenter if they could choose this session. A similar protocol for cognitive tasks has 
been found to be effective in manipulating autonomous motivation (Legault & Inzlicht, 2013). 
All participants then selected which session they would do, and completed a questionnaire 
measuring their motivation for engaging in the cycling bout, the extent to which they had a 
choice in which cycling session, and the extent to which having a choice was important for them. 
Participants then applied a heart rate monitor (Polar A300, Polar Electro UK Ltd, 
Warwick, UK), adjusted the bike seat to a comfortable level, and sat on the stationary bike 
(Technogym Excite+ 700i, Technogym, Bracknell, UK). Participants then watched the digital 
screen for instructions on how to complete the cycling task. Participants were informed that they 
should try and align their effort with the effort gauge presented on the screen by adjusting the 
bike cadence and/or resistance by using the ‘+’ and ‘-‘ buttons on the handlebars. This gauge 
ranged from ‘very very light’ to ‘maximal’, and an arrow would move up and down this gauge at 
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pre-selected intervals detailing how much effort participants should apply. Furthermore, 
participants were prompted with a distinct tone upon a change in prescribed effort in order to 
maximise adherence to instruction. Given the repeated-measures design, the extremely variable 
nature of effort prescription was necessary to promote the cover story that each cycling session 
was different. To bolster this cover story further, each cycling bout was presented with a 
different colour background (Blue or Grey), the order of which was counterbalanced. 
Participants could drink the provided water ad libitum though out the session, were required not 
to speak to the experimenter during the bout unless they felt unwell (in which case they were 
informed to stop exercising immediately), or hot (in which case they could ask for the provided 
fan to be increased to a higher setting). All digital performance output was hidden from the 
participant during their bout in order to control for its expected impact on behaviour. Participants 
then completed the 30min cycling bout, which included a five-minute warm-up and three-minute 
cool-down. HR was measured throughout the cycling bout using Technogym CardioMemory 
software (Technogym). Upon completing their bout, participants recorded their perceived 
exertion (Borg, 1982), and detailed to what extent they enjoyed the cycling bout. Participants 
were then thanked, and notified the session was completed. 
In the second session, participants completed the remaining experimental condition and 
completed the same questionnaires and tasks as in the first session, except for the demographic 
information and typical exercise behaviour. Following the enjoyment questionnaire, participants 
were asked to answer a few questions which probed for participant awareness of true study aims. 
These questions were: ‘What do you think was the purpose of this experiment’ and ‘Have you 
any other thoughts about this experiment (i.e., study purpose, methods used)’. Participants were 
finally debriefed and thanked for their involvement in this study. 
Measures 
 Intended Effort. The effort participants intended to exert during the cycling bout was 
measured using an adapted version of the RPE scale (Borg, 1982). The original measure has 
good criterion validity with various physiological measures of effort (Chen et al., 2002). 
Following the stem ‘Please record the intensity you plan on exercising at during the upcoming 
bout’, participants were asked to respond on a Likert scale ranging from 6 (‘very very light’) to 
20 (‘maximal’). Given research reporting that RPE values approximate HR (e.g., RPE 15 
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approximates HR of 150bpm; Borg, 1982), intended RPE values were multiplied by ten when 
compared to heart rate during the cycling (Scherr et al, 2013).  
 Perceived Choice. As a manipulation check, perceived choice in relation to the cycling 
session selected was measured using one item. To prevent participants guessing this item had 
particular import for study hypotheses, it was embedded within the questions measuring 
motivation (i.e., Situational Motivation Scale; Guay et al., 2000). The stem used for the SIMS 
was also used prior to presenting the following item: ‘because I was given a choice of which type 
of session I could do’. Participants answered on a Likert scale ranging from 1 (‘corresponds not 
all’) to 7 (‘corresponds exactly’).  
Motivation. As a second manipulation check, the quality of participants motivation for 
the cycling bout was measured using the SIMS. This questionnaire measures four types of 
motivation (intrinsic motivation, identified regulation, external regulation, and amotivation) and 
includes sixteen questions (four questions per motivation type). In addition, four items 
were added to assess Introjected Regulation (Gillet, Vallerand, Lafreniere, & Bureau, 2013), as 
this motivational regulation has theoretical relevance to study hypotheses. Following the stem 
‘Please circle the number that best describes the reason why you are currently engaged in this 
activity’, participants answered each item on a Likert scale ranging from 1 (‘corresponds not all’) 
to 7 (‘corresponds exactly’). This scale has demonstrated satisfactory validity and reliability in 
previous research (Guay et al., 2000). 
Choice Importance. Perceived choice importance was measured using one-item. To 
prevent participants guessing this item had particular import for study hypotheses, it was 
embedded within four random filler questions. Following the stem ‘It would be nice to…’, 
participants answered, on a Likert scale ranging from 1 (‘corresponds not all’) to 7 (‘corresponds 
exactly’), in relation to the statement: ‘cycle in one of the other three sessions instead of this 
one’. This was measured because meaningful choice may be important for eliciting changes in 
self-determined motivation (Ryan & Deci, 2006). 
 Self-Reported Effort. The effort individuals exerted during the cycling bout was 
measured using an adapted version of the RPE scale (Borg, 1982). Participants were asked: 
‘Please record the intensity you exercised at during the bout’. Apart from this difference, 
measurement was identical to the ‘Intended Effort’ measure. RPE values were multiplied by ten 
prior to enable comparison to heart rate. 
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 Intentions-Effort Congruence. We measured incongruence in three ways. First, self-
reported intentions-effort congruence was measured by subtracting ‘intended effort’ from ‘self-
reported effort’. For instance, if a participant recorded an intended effort of 170 (i.e., 17 RPE), 
and a self-reported effort of 150, their intentions-effort congruence score would be -20. Second, 
self-reported effort may be subject to social desirability bias, hence, we additionally measured 
intentions-effort congruence using heart rate. Specifically, intentions-effort congruence was 
measured by subtracting intended effort from individuals average heart rate during the cycling 
bout. Third, we subtracted intended effort from individuals average heart rate during a difficult 
4-minute segment of the cycling bout.  
 Enjoyment. The extent to which participants enjoyed the cycling bout was measured 
using an eight-item version of the Physical Activity Enjoyment Scale (PACES; Kendzierski & 
DeCarlo, 1991). This scale has good internal validity and reliability (Kendzierski & DeCarlo, 
1991) and has been shown to be sensitive to intervention (Heisz, Tejada, Paolucci, & 
Muir, 2016). Following the stem ‘Please rate how you feel at the moment about the exercise you 
have been doing’, participants responded on a Likert scale from 1 to 7, to a number of 
dichotomous descriptors (e.g., ‘I found it pleasurable/unpleasurable’ and ‘It was no fun at all/a 
lot of fun’). Two items were reversed prior to analysis (‘It was no fun at all/a lot of fun’ and ‘It 
was not at all stimulating/very stimulating), with higher ratings on this scale reflecting greater 
enjoyment.  
Data Analysis 
 Paired t-tests were used to explore differences in perceived choice and choice importance 
between study conditions. A repeated measures MANOVA was conducted to explore differences 
in participant motivational regulations across conditions. These three variables acted as 
manipulation checks. A series of four paired t-tests examined differences in intentions-behaviour 
congruence (measured three ways) and enjoyment across conditions. 
Results 
Preliminary Analysis 
Of the 46 participants that enrolled in this study, 41 successfully completed both sessions. 
Four were unwilling to attend their second session, and one identified the true study aims, hence 
these were not included in data analysis. Following the controlling motivation manipulation all 
participants successfully chose the ‘Daily Grind’ option. 
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All results are included in Table 4.1. Paired t-tests showed the experimental manipulation 
to elicit no significant differences between conditions in perceived choice, t(40) = .00, p = 1.00, 
d = .00, or choice importance, t(39) = . 74, p = .46, d = .12. Repeated measures MANOVA also 
showed the experimental manipulation to elicit no significant difference between conditions in 
their motivational regulations, F(1, 40) = .46, p = .50, partial η2 = .01. 
Main Analysis 
Paired t-tests found no significant differences between conditions for all study variables, 
including all measures of intentions-effort congruence: a) self-reported congruence: t(40) = .35, p 
= .73, d = .07, b) congruence with average heart rate: t(40) = .26, p = .80, d = .04, and c) 
congruence with average heart rate during a difficult 4min segment: t(40) = .01, p = .99, d = 
.002), and enjoyment, t(40) = 1.10, p = .28, d = .12. 
Exploratory Analysis 
 Given the lack of support for study hypotheses, exploratory analyses were conducted to 
establish whether individual differences in motivation (rather than experimental manipulation) 
predicted intended effort, actual effort, intentions-effort congruence and enjoyment. A relative 
autonomy index (RAI) composite across conditions, calculated using the following formula: 
2(intrinsic) + 1(identified) – 1(introjected) – 2(external]), was used to facilitate analyses 
(Grolnick & Ryan, 1987), with higher RAI scores representing relatively more autonomous, 
compared to controlling motivation. Exploratory analyses of outcomes based upon heart rate 
were not conducted given extensive variability in heart rate responses at the between-person 
level (Scherr et al., 2013). Regression analyses show RAI positively predicted intended effort, β 
= .47, p = .002, actual effort based upon self-report, β = .33, p = .04, and enjoyment, β =.30, p = 
.06, but did not predict intentions-effort congruence based upon self-report, β = -.11, p =.49. 
Discussion 
 Not aligning with effort-based intentions during high-intensity exercise, defined in the 
present study as achieving intentions-effort congruence, has implications for health and physical 
development. Therefore, the present study investigated whether individuals motives for exercise 
explained within-person variability in intentions-effort congruence during high-intensity 
exercise. Specifically, we investigated whether promoting autonomous motivation following the 
creation of effort-based intentions enhanced intentions-effort congruence during a challenging 
cycling bout, relative to promoting controlling motivation. We additionally investigated whether
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Intentions-effort congruence  
 
 
 
    Intended effort subtracted from:  
 
Perceived 
choice 
Choice 
importance 
RAI 
Self-reported 
effort 
Average heart rate 
(bpm) 
Average heart rate 
(bpm; difficult 4 
min segment) 
Enjoyment 
Autonomous 
Motivation  
       
Mean 4.12 1.98 5.38 11.95 7.83 25.69 4.67 
SD 1.72 1.27 6.26 22.50 27.85 27.87 .97 
Controlling 
Motivation  
       
Mean 4.12 1.85 5.41 10.49 6.80 25.64 4.56 
SD 1.65 1.00 6.21 19.23 26.79 25.34 .84 
Table 4.1. Mean scores of study variables across conditions.  
 
 
Note. SD = Standard deviation; Positive values for intentions-effort congruence represent greater than intended effort. 
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autonomous motivation predicted increased exercise enjoyment relative to controlling 
motivation, given literature suggesting enjoyment may enhance self-control utilization 
(Loschelder & Friese, 2016). Our results show our motivational manipulation did not create 
distinct motivational states, thus precluding a test of hypothesised relationships.  
 Autonomous motivation was hypothesised to promote intentions-effort congruence 
because autonomous motivation is associated with less internal conflict and increased 
satisfaction of psychological needs (Ryan & Deci, 2017), therefore, enabling individuals to 
engage more optimally in high-intensity exercise. Autonomous motives facilitate self-regulation 
both generally (Werner et al., 2016) and in the exercise domain (Smith et al., 2011), and imbue 
individuals with greater tendencies to effectively utilise self-control (Ryan & Deci, 2008), which 
is critical for intentions-effort congruence during high-intensity exercise. However, our failed 
manipulation of motivation prevents a test of this hypothesis. It is unknown why our choice-
based manipulation failed to create distinct motivational states, indeed, a motivational 
manipulation near identical to that used in the present study elicited distinct perceptions of 
choice, interest, and value (Legault & Inzlicht, 2013). Yet, on occasion, the provision of choice 
can be appraised by individuals as controlling (Patall, 2013); it is therefore possible this 
mechanism drove indifferent motivational states in the present study. Although participants had a 
choice of which exercise session to participate in during the present study, choice was not 
accompanied by a detailed overview of the content of each session. Choice does not need to be 
meaningful per se to elicit motivational differences (e.g., Murayama et al., 2013). However, the 
fact that such details could not be provided may have engendered perceptions of causality. 
 Notwithstanding our failed motivational manipulation, exploratory analyses of individual 
differences revealed individuals’ reasons for engaging in the exercise session were unassociated 
with self-reported intentions-effort congruence. This finding thus conflicts with hypotheses and 
theory maintaining more autonomous involvement should imbue individuals with greater 
tendencies to utilise self-control to overcome conflicting temptations (e.g., unplanned respite). 
Nonetheless, our findings support literature showing more autonomous motives associate with 
increased effort during exercise. Interestingly, our findings also offer up an explanation for this 
positive relationship, for more autonomously motivated individuals made greater intentions to be 
effortful. While these findings are highly informative, they should yet be appraised with caution 
considering their exploratory nature.  
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 We hypothesised autonomous motivation would enhance enjoyment of high-intensity 
exercise relative to controlling motivation given previous literature has demonstrated this 
association (Banting et al., 2011). Enjoyment during exercise may be important for encouraging 
extended utilization of self-control during high-intensity exercise (Loschelder & Friese, 2016), 
enjoyment therefore may aid intentions-effort congruence considering self-control is critical to 
achieving this outcome. In light of our failed experimental manipulation it is unsurprising 
enjoyment was indifferent across conditions. Exploratory analysis, however, reveals RAI 
positively predicts enjoyment, thus aligning with previous literature demonstrating this link 
(Murcia et al., 2008).  
Limitations and Future Directions 
An inability to effectively manipulate motivation prevented a test of hypothesised effects. 
Although previous research shows a highly similar manipulation to elicit theoretically expected 
outcomes (Legault & Inzlicht, 2013), the fragility of choice-based modalities for creating 
differential motivational states (e.g., Patall, 2013) suggests alternative manipulations should be 
opted for in future research. A particularly robust approach to creating distinct motivational 
states may be to support the satisfaction of more than one psychological need; for instance, 
giving participants a rationale (supports need for autonomy) alongside showing participants they 
are cared for (supports need for relatedness) may prove effective for enhancing autonomous 
motivation. 
The present study provided effort-based guidance during the cycling bout to present the 
notion that exercise sessions were different (i.e., regularly changing effort-prescription) while 
simultaneously guiding effort investment to a level likely to elicit affective discomfort and thus 
recruit/tax self-control processes. This guidance was intended to mimic the influence of an 
exercise class instructor while also giving ‘room’ for motivational effects on effort investment. 
Despite the value of this approach, asking participants to report their intended effort whilst 
subsequently guiding their effort may have been confusing. To overcome this, future research 
may benefit from using a between-group design (thus precluding the need for effort-based 
guidance to mislead participants on differences between exercise sessions).  
Conclusion 
The present study was unable to sufficiently test whether autonomous motivation 
enhances individual’s ability to achieve intentions-effort congruence and enjoyment during high-
  
 
87 
intensity exercise compared to controlling motivation. This was due to a failed choice-based 
manipulation of motivation. While regression analyses depict increased autonomous motivation 
does not predict intentions-effort congruence, but does positively predict enjoyment, these 
finding comes from exploratory investigation and thus should be interpreted cautiously.  
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Chapter 5 
General Discussion 
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Over three chapters and five studies, the present thesis extended previous literature by 
investigating how individuals’ motives for doing exercise related to or influenced various 
outcomes reflective of effective self-regulation. Cross-sectional and diary-based approaches were 
used to investigate the broad self-regulatory influence of different forms of motivation, 
specifically, whether autonomous and controlling motives explained the frequency in which 
lapse in planned exercise resulted, as well as the emotional responses to lapse. Following, three 
experimental studies examined how these motives influenced individuals’ ability to effectively 
self-regulate within more narrow temporal confines. For instance, two studies investigated 
whether priming an autonomous and controlling motivational state influenced individual’s 
persistence amidst repeated failure, as well as subsequent plans to engage in exercise. The final 
study examined whether promoting autonomous and controlling motivation for a challenging 
cycling bout impacted individual’s ability to align with intentions to be effortful. The present 
chapter synthesises the key findings of these studies. Practical implications are also delineated, 
as are limitations and areas for future research.  
Motivation for Exercise Explains Lapse Prevalence & Emotional Responses 
 Lapse in planned exercise represents a gateway through which further lapse and complete 
disengagement may manifest (Stetson et al, 2005), while experiencing guilt, anxiety, and relief 
following lapse may further promote disengagement (Baumeister & Heatherton, 1996; Hofmann 
& Fisher, 2012). Thus, the aim of Chapter 2 was to investigate whether the motives individuals 
have for doing exercise, the likes of which possess links with various forms of optimal 
engagement (e.g., exercise frequency; Teixeira et al., 2012) and self-regulation (Kinnafick et al., 
2014) in the exercise domain, explain these outcomes. Over two studies, autonomous motivation 
rendered lapse less likely while additionally offering protection against maladaptive emotional 
outcomes following lapse. In contrast, both introjected and external regulation offered little 
protection against lapse, introjected regulation also consistently demonstrated strong links with 
guilt and anxiety following lapse. Collectively, these findings support literature showing high 
and low autonomous and controlling motivation, respectively, are critical for optimal exercise 
engagement (Ng et al., 2012; Teixeira et al., 2012). These findings also answer calls to uncover 
factors related to exercise disengagement (e.g., Ekkekakis et al., 2018), given concerns such 
factors are critical for effectively guiding behaviour change within the exercise domain. 
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 Scant research has investigated factors explaining lapse prevalence in the exercise 
domain (e.g., Stetson et al., 2005). Considering the importance of adhering to episodic intentions 
for long-term healthy engagement in exercise (Stetson et al., 2005), our findings, which show 
autonomous motives are critical for preventing lapse, thus represent a valuable contribution to 
extant literature and provide an insight into how lapse prevalence may be reduced. The present 
results also extend previous research by highlighting a novel pathway by which distinct 
motivational regulations may impact optimal exercise engagement. Although autonomous 
motives are well-acknowledged to associate with increased exercise frequency and longevity 
(Pelletier et al., 2001; Teixeira et al., 2012), our findings indicate a potential route by which 
these outcomes may manifest – that is, through fewer lapses in episodic exercise intentions. This 
mechanism is plausible given adherence to episodic intentions can strengthen adaptive habit 
formation thus rendering longer-term adherence an easier endeavour (Lally, Van Jaarsveld, Potts, 
& Wardle, 2010). Furthermore, an increased tendency to avoid lapse reduces exposure to 
maladaptive post-lapse emotions which may render subsequent disengagement a more likely 
eventuality (Hofmann & Fisher, 2012; Marlatt & Donovan, 2005), and prevents any need to 
enact fresh exercise plans to align with initial exercise plans.  
Unexpectedly, however, our findings did not reveal convincing evidence of a positive 
link between controlling regulations and lapse. This relationship was hypothesised given 
controlling regulations imbue individuals with cognitive, affective, and energetic resources 
which are likely suboptimal for enabling consistent adherence to exercise goals (Ryan & Deci, 
2017). Furthermore, external contingencies can be fragile (Ryan & Deci, 2017) - they may not 
always be in place or may be actively removed, thus suggesting a potential positive link between 
external regulation and lapse prevalence. However, our findings suggest these hypothesised links 
may not exist or may be more complex than initially thought. One potential explanation for our 
null findings is that controlling regulations may only hinder adherence to episodic intentions in 
moments when individuals are experiencing a suboptimal psychological state, such as when they 
are stressed, fatigued, or cognitively depleted. Indeed, self-control use has been widely reported 
as less likely following prior or extensive self-control use (Hagger et al., 2010), and controlling 
involvement in exercise requires individuals utilise their self-control resources more extensively 
(Muraven et al., 2008). Because introjects and external contingencies represent powerful short-
term motivators (Ryan & Deci, 2017), it also remains possible that, when individuals are not 
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stressed, fatigued, or cognitively depleted, that these regulations are sufficient for enabling 
adherence to exercise plans. Alternatively, although introjects and external contingencies do not 
facilitate long-term exercise engagement (Pelletier et al., 2001), it is possible that over the very 
short-term, controlling regulations do not hinder effective self-regulation.  
 That motivational regulations explain the emotional responses to lapse is a particularly 
novel and interesting finding of the present research. Although motives predict affective and 
emotional experiences in relation to exercise engagement (Banting et al., 2011; Edmunds et al., 
2008), the present findings extend this research by demonstrating these motives also explain 
emotional experiences following disengagement. These findings are important given affective 
and emotional experiences in relation to critical behaviours (e.g., lapse) can form the basis of 
attitudes and automatic evaluations about subsequent engagement or dropout (Brand & 
Ekkekakis, 2018). For example, feeling relieved at having lapsed may, consciously or 
subconsciously, render individuals susceptible to appraise lapse in future instances as a more 
valuable behavioural opportunity. Guilt and anxiety can also orient individuals towards more 
immediately gratifying ends, to the detriment of long-term exercise goals which often require 
individuals delay gratification (Tice & Bratslavsky, 2000). These findings further build upon 
previous literature showing controlling motives promote feelings of shame following lapse 
(Ntoumanis et al., 2014a), by revealing introjects specifically (as opposed to external regulation) 
drive such links. This relationship was important to clarify, for external regulation may have 
little conceptual relation with guilt and anxiety. In contrast, introjects are indicative of a self-
esteem which is contingent upon adherence, thus providing the necessary ingredients for the 
elicitation of post-lapse feelings of guilt and anxiety (Baumeister et al., 1994). The present 
findings also support literature showing introjected regulation is associated with outcomes which 
have implications for optimal wellbeing (e.g., Thøgersen-Ntoumani & Ntoumanis, 2007).  
Collectively, these findings help inform practitioners and policy makers of populations 
most at risk of lapse in planned exercise and of experiencing maladaptive emotions following 
lapse. With this information tailored interventions may be developed to promote adherence in 
individuals at high risk of lapse (e.g., via mobile application-based reminders), thus reducing 
blanket-based interventions which may unnecessarily target individuals that have no problem 
adhering to episodic intentions. Our findings are also particularly useful for reducing lapse 
prevalence and maladaptive post-lapse emotions given the quality of motivation for exercise is 
  
 
92 
highly amenable to change (Ryan & Deci, 2017). To use an exercise class environment as an 
example, autonomous involvement can be promoted, and lapse prevalence (theoretically) 
reduced, by ensuring exercisers have adequate psychological need supports. This may be 
achieved by giving exercisers a choice of which exercises to perform, a rationale for why such 
exercises are important or beneficial, and/or an opportunity to connect with social others (Ryan 
& Deci, 2017). Similar strategies have been used previously to promote autonomous 
involvement (Edmunds et al., 2008; Silva et al., 2010), and with good effect. An alternative, and 
perhaps more convenient, strategy for reducing maladaptive lapse-related outcomes may be to 
orient exercisers towards exercise sessions for which they are already autonomously motivated. 
For instance, if an exerciser has controlling reasons for engaging in circuit training, they are 
likely to display more optimal adherence to episodic intentions if they engage in sessions that are 
more self-aligned (e.g., yoga).  
Priming Autonomous Motivation does not Promote Persistence 
 Persisting amidst adversity or set-back may be important for effectively self-regulating in 
the exercise domain. Autonomous motivation has been repeatedly demonstrated to promote 
persistence (Legault & Inzlicht, 2013; Moller et al., 2006). However, it remains poorly 
understood whether priming autonomous motivation, which may complement explicit 
approaches, may also facilitate persistence. Contrary to hypotheses, and previous literature 
(Keatley et al., 2014; Ntoumanis et al., 2014b; Radel et al., 2009), Chapter 3 revealed priming 
autonomous motivation did not improve persistence relative to a controlling motivation or 
neutral prime. In the first test of proposed effects (Study 3) both autonomous motivation and 
controlling motivation primes hindered persistence relative to a neutral prime. A conceptual 
replication (Study 4), however, designed to examine whether priming effects manifest in 
unexpected ways, indicated no differences across priming conditions.  
The present findings challenge previous literature linking motivation with persistence 
(e.g., Keatley et al., 2014), as well as the efficacy of motivational priming effects more generally 
(Hodgins et al., 2007; Weinstein & Hodgins, 2009). Our findings draw from two studies utilising 
a robust methodological test of effects (e.g., experimenter blinding, conceptual replication). A 
plausible explanation for these null findings is that distinct motivational states did not arise 
between priming conditions. This seems evident given indifferences across conditions in various 
measures sensitive to distinct motivational states, including self-reported motivation, heart rate 
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variability, frustration, and mental effort. To find no indication of distinct motivational 
involvement is highly surprising for previous literature suggest motivational priming is highly 
efficacious. Indeed, exposing individuals to an autonomous motivation prime (relative to a 
controlling motivation or neutral prime) has been shown to promote enjoyment, implicit self-
esteem, and creativity, and to reduce defensiveness (Banting et al., 2011; Hodgins et al., 2006, 
2007; Weinstein et al., 2010). One potential explanation is that motivational primes in previous 
literature have not been driving reported effects (e.g., differences in creativity), but rather 
methodological factors. This is possible given questionable research practices are prevalent 
within psychological literature (John et al., 2012), and that priming studies may be underpowered 
(e.g., Keatley et al., 2014). In other words, reported priming effects from previous research may 
reflect type 1 error rather than true effects at the population level. Also, unlike the present 
studies, previous literature typically do not blind experimenters to participant condition (e.g., 
Banting et al., 2011; Hodgins et al., 2007; Weinstein et al., 2010), an oversight which may 
explain the consistency in which motivational priming effects are reported. That is, priming 
effects have been shown to disappear upon experimenters being made blind to participant 
condition (Doyen et al., 2012; Gilder & Heerey, 2018), thus indicating primes may not drive 
theoretically-relevant outcomes but rather experimenter biases.  
Notwithstanding these points, another possibility is that findings reflect type 2 error. 
Irrespective of research quality, or whether findings are replicated, type 2 errors should occur 
with notable frequency (Francis, 2012). Specifically, with 80% statistical power, on average a 
type 2 error should result 20% of the time. That type 2 error explains the present findings is 
therefore certainly not outside the realm of possibility and should be given due consideration. 
Similarly, it remains possible the primes in the present research were effective, but unknown 
moderators prevented the possibility of identifying such effects. Although moderation influences 
in motivational priming literature often receive little attention (e.g., Weinstein et al., 2010), this 
line of reasoning has support. For instance, a controlling motivation prime (compared to an 
autonomous motivation and neutral prime) promoted persistence during a problem-solving task 
for individuals high in attachment anxiety (Milyavskaya et al., 2012), an effect seemingly 
contrary to SDT tenets. This effect is theoretically defendable, however. A controlling 
motivation prime may orient individuals high in attachment anxiety to be more eager to please an 
experimenter (and thus persist more) because such individuals are pre-occupied with 
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relationships and hypervigilant to cues of abandonment. Upon receiving an autonomous 
motivation prime, these individuals may experience less pressure to please an experimenter, thus 
reducing the value of heightened persistence (Milyavskaya et al., 2012). Future research should 
endeavour to control for known or potential moderating effects and opt for direct rather than 
conceptual replications to stabilise moderation effects across studies.  
 Priming may be effective in real-world situations for improving healthy behaviours 
(Papies, Potjes, Keesman, Schwinghammer, & Van Koningsbruggen, 2014). Furthermore, 
priming techniques may be implemented via mobile applications (Pinder, Vermeulen, Cowan, 
Beale, & Hendley, 2017), thus offering highly convenient avenues for intervention. Nonetheless, 
the present findings confirm extensive research is required before motivational priming 
techniques can be employed to reliably aid persistence, or distinct motivational states, in the 
exercise domain. Such caution is prudent considering a saturation of health-based mobile 
applications purporting to enhance health-related outcomes, but with little empirical evidence 
supporting such claims (Rivera et al., 2016). 
Priming Autonomous Motivation does not Promote Plans to Engage in Exercise 
Findings from Chapter 3 provide strong evidence that priming autonomous motivation 
does not enhance intentions to engage in exercise, with no differences found across two studies. 
Contrasting with these findings, we expected an autonomous motivation prime to reduce the 
cognitive demands of persistence-requiring activity relative to a controlling motivation or neutral 
prime (e.g., Muraven et al., 2007), thus imbuing individuals with the requisite cognitive 
resources to plan more effectively following the activity (Sjåstad & Baumeister, 2018). 
Furthermore, prior literature demonstrates that priming autonomous motivation orients 
individuals to make more frequent and prolonged exercise plans relative to priming controlling 
motivation (Banting et al., 2011; Magaraggia et al., 2014). Our null findings may have manifest 
for various reasons. One possibility is that some participants may have held rigid exercise habits 
unamenable to the influence of distinct motivational states (Verwijmeren, Karremans, Stroebe, & 
Wigboldus, 2011). That is, if a participant habitually exercises four days each week for one hour, 
then irrespective of their motivational state exercise plans made are likely to inflexibly align with 
habits. Thus, to better test proposed effects, targeting individuals known to fluctuate in exercise 
frequency or intensity may be required. Investigating motivational priming effects towards novel 
behaviours, wherein habits are yet to be formed, may be similarly efficacious. 
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Nonetheless, the most plausible explanation for these null findings is that the priming 
manipulation used was ineffective in creating distinct motivational states. As stated, no evidence 
exists of differential motivational involvement across conditions, a finding contrasting with most 
motivational priming literature displaying effects (e.g., Banting et al., 2011). Notwithstanding 
this point, our findings do not challenge the efficacy of the proposed mechanism linking 
motivational priming with differences in tendencies to make optimal plans (i.e., differences in 
cognitive depletion during the persistence-requiring task). Indeed, cognitive depletion would not 
be expected to manifest when motivational states are indifferent. Our findings thus inform future 
literature of the need to first establish whether differences in cognitive depletion, as opposed to 
motivational primes, orient individuals towards making more or less effective exercise plans.  
Motivation and Congruence between Intentions and Effort 
 Autonomous motives positively associate with effort during exercise (Taylor et al., 
2010), thus contrasting with controlling motives which often display no relationship (Taylor et 
al., 2010). However, it is unknown whether this relationship between motivation and effort is 
explained by a differential ability to align with intentions to be effortful, hence, Chapter 4 
examined this possibility during a challenging cycling bout. Unexpectedly, however, it could not 
be established whether autonomous motivation during exercise facilitated congruence between 
intentions and effort during effortful exercise relative to controlling motivation given the choice-
based motivational manipulation failed to create distinct motivational states. This outcome 
contrasts with previous literature showing a highly similar choice-based manipulation influenced 
various outcomes indicative of differential motivational involvement (Legault & Inzlicht, 2013).  
A choice-based motivational manipulation was utilised in Chapter 4 considering relevant 
literature demonstrates its effectiveness (e.g., Legault & Inzlicht, 2013). In hindsight, however, it 
perhaps should not have been expected that differences in task choice per se would guarantee 
differences in motivational involvement. Indeed, choice has been proposed to only facilitate 
more self-determined involvement when such choice is relevant to participant interests and 
personal goals (Katz & Assor, 2006). In other words, when choice is separated from aspects of 
autonomy support (e.g., interests, values, volition), choosing is unlikely to possess any strong 
motivating properties (Katz & Assor, 2006). When increased choice is not personally relevant, it 
may be tantamount to ‘picking’, in that it reflects choice without any real intrinsic preference. 
Empirical research supports this reasoning, with ‘picking’ often failing to create more 
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autonomous functioning. Flowerday, Schraw, and Stevens (2004) found no differences in 
participants reading engagement when they were given an empty choice (choosing either packet 
‘a’ or ‘b’ without knowing its content) compared to no-choice. Similarly, Patall (2013) revealed 
participants possessing choice during a trivia game displayed greater post-task interest, but only 
for participants high in initial interest in trivia games more generally. It is reasonable to assume 
that increased choice in Chapter 4 was also not personally relevant to participants. Although 
participants were given a choice of which exercise session to conduct, participants were not 
given any information about how each exercise session differed. This omission was necessary to 
maintain the cover story that each session differed (all sessions were identical in all but name), 
but arguably hindered the internal relevance of having choice.  
Strengths, Limitations, and Future Directions 
This thesis reports some notable findings that enhance understanding of how motivation 
influences individuals’ ability to effectively self-regulate in the exercise domain. A particular 
strength of the current work was its focus on conceptually replicating reported effects (or 
absence thereof). Although replication is not a miracle cure for poor scientific practice, being 
unable to overcome the effects of publication bias and questionable research practices (Francis, 
2012; Simmons et al., 2011), it helps reduce concerns that reported effects may not manifest in 
the population of interest (Makel, Plucker, & Hegarty, 2012). Recognition of the importance of 
replication is particularly evident given a large-scale replication of psychological research 
demonstrated only 39% of effects were subjectively rated as replicating the original results 
(Open Science Collaboration, 2015). Replication efforts can also help remedy methodological 
weaknesses with initial research. For instance, employing a longitudinal design can help reduce 
biases associated with cross-sectional approaches, including common method bias and recall bias 
(Podsakoff, 2003). However, replication efforts are on the whole rare, purportedly because 
replication research lacks the prestige associated with uncovering novel effects (Makel et al., 
2012). Nonetheless, conceptual replication arguably refined conclusions in the present thesis. For 
instance, while an autonomous and controlling motivation prime hindered persistence relative to 
a neutral prime in Study 3, these effects disappeared in a stronger test of effects in Study 4. 
Similarly, negative links between autonomous motivation and lapse prevalence, and positive 
links between introjected regulation and guilt and anxiety, were consistent across a cross-
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sectional and longitudinal investigation, thus reducing concerns initial findings reflected type 1 
error or the influence of systematic biases.   
 A strength of the present thesis was the decision to blind experimenters to participant 
condition. Experimenter blinding may seem a minor addition, however, previous research reveals 
experimenter awareness of participant condition may exclusively explain some priming effects 
(Doyen et al., 2012; Gilder & Heerey, 2018). Indeed, while most motivational priming literature 
indicate motivational primes are efficacious in creating theoretically congruent outcomes (e.g., 
Banting et al., 2011; Brown et al., 2016; Hodgins et al., 2006; Weinstein & Hodgins, 2009), 
given experimenters often remain aware of participant condition in this research it cannot be 
accurately established whether differences in outcome reflect a priming influence or 
experimenter biases.  
 Another notable strength of the present thesis was the inclusion of various measures of 
motivation. In light of unexpected findings in Study 3, a key question was whether distinct 
motivational states manifest in unexpected ways. Study 4 thus employed various measures 
sensitive to distinct motivational states, including heart rate variability (e.g., Segerstrom & Nes, 
2007), which is not influenced by social desirability biases. Extending this net to capture distinct 
motivational states strengthened reasoning that indifference across measures likely reflect a 
failed motivational prime. Likewise, in Chapter 4 it was rigorously established that distinct 
motivational states did not arise in that both perceived choice and exercise motivation were 
indifferent.  
 Despite these strengths, our decision to utilise a choice-based manipulation to influence 
motivation in Study 5 was misguided, for ample literature exists highlighting the fragility this 
approach (e.g., Patall, 2013; Reeve, Nix, & Hamm, 2003). This oversight hindered an 
appropriate test of whether distinct motivational states influence intentions-effort congruence 
during effortful exercise. Future research should thus take care to ensure choice-based 
manipulations have personal relevance to participants. In addition, pilot research should be 
employed to ensure unique components of the experimental scenario guide motivation in 
intended ways. Alternatively, employing a multi-faceted approach to manipulate motivation may 
prove highly effective. This may involve, in addition offering choice, giving participants a 
rationale for engaging in the study, or explicitly showing participants that they are cared for (e.g., 
using words such as ‘would you mind...’ as opposed to ‘you must…’; e.g., Muraven et al., 2008).  
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 While our finding that lapse prevalence has a motivational basis is novel and highly 
informative for understanding optimal exercise engagement (e.g., Stetson et al., 2005), it is yet of 
interest to understand why individuals lapsed. Understanding such nuances may be important 
given optimal affective, cognitive, and energetic resources (i.e., as a result of being 
autonomously motivated) are arguably less likely to aid adherence when lapse less controllable. 
For example, it is highly likely individuals’ reasons for engagement will play a lesser role in 
reducing lapse prevalence when individuals are injured (and thus arguably unable to adhere to 
intentions) than when individuals feel tired or stressed (and thus arguably able to adhere to 
intentions). Understanding why individuals lapse may also help uncover the proposed positive 
link between external regulation and relief following lapse, a relationship which is conceptually 
plausible. That is, external regulation in hindsight is perhaps only likely to positively associate 
with relief in instances where lapse renders a threat removed or avoided. For instance, if the gym 
partner of an externally regulated individual cancels a planned exercise session, it follows that 
lapse may give rise to relief because the individual no longer has to do something that they do 
not really want to do. In contrast, when lapse does not render the threat avoided or removed, such 
as when the individual cancels the planned session with their gym partner, then it seems unlikely 
any strong sense of relief will manifest because a threat yet remains (e.g., of having let down 
one’s friend). 
 Although the present research employed a rigorous methodological approach for 
examining hypothesised effects, our research would have been improved still had relevant 
methodological details been preregistered in advance of study commencement. Pre-registration 
minimises the possibility of many questionable research practices, such as HARKing, failing to 
report all dependent measures, or stopping data collection earlier than planned (van't Veer & 
Giner-Sorolla, 2016). Adopting pre-registration is particularly necessary given researchers often 
do not realise their behaviour is not in accordance with good scientific practice (Simmons et al., 
2011).  
 Finally, although the present research facilitates understanding of why individuals may 
differ in their ability to self-regulate effectively in the exercise domain, it does not help advance 
understanding of how differential motivational states may facilitate or hinder individuals without 
exercise intentions. The reason for this is that the present work has self-regulation as its focus, 
and self-regulation has some standard (or intention) as a prerequisite. This is a notable 
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delimitation of the present work for a large portion of the population have yet to form exercise 
intentions (Plotnikoff et al., 2001). Furthermore, non-intenders could also benefit greatly from 
exercise engagement. In a similar vein, Chapter 4 examination of the motivation-self-regulation 
relationship only has relevance for members of the population able to exercise at elevated 
intensities. Any findings (irrespective of whether the motivational manipulation was successful 
or not) may thus have not been of practical importance to exercisers that rarely engage at higher 
intensities, or exercise populations less able to perform effortful exercise (e.g., elderly 
individuals). 
Summary 
 This thesis provides mixed support to the notion individuals reasons for engagement may 
be important for effective self-regulation in the exercise domain. While motivation explained 
lapse prevalence and the emotional responses to lapse in Chapter 2, Chapter 3 revealed 
motivational priming techniques did not influence persistence or exercise plans, likely because 
they were unable to create distinct motivational states as previously indicated by previous 
literature. These two studies thus conflict with much motivational priming literature and inform 
future research of the need for more robust methodological designs. Similarly, Chapter 4 
highlights the fragility of choice-based motivational manipulations in creating distinct 
motivational states, a failed manipulation precluding the possibility of examining whether 
distinct motivational states influenced individual’s ability to invest high-effort during high-
intensity exercise in line with effort-based intentions. Collectively, however, the findings of this 
thesis have numerous important implications for the motivational basis of effective self-
regulation in the exercise domain. 
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Appendix 1 
 
Online Questionnaire (Study 1) 
 
Before you begin the questionnaire please read the following: 
 
Participant Information 
 
What is the purpose of the study? 
 
The aim of this study is to explore the link between your motivation, the extent to which you 
actually take part in planned exercise, and what you feel like when you don’t do exercise. 
 
Who is doing this research and why? 
 
Investigator 1 (Main investigator): Stephen Murphy, Loughborough University, Leicestershire, 
UK, LE11 3TU, s.murphy2@lboro.ac.uk 
 
Investigator 2: Dr Ian Taylor, Loughborough University, Leicestershire, UK, LE11 3TU, 
i.m.taylor@lboro.ac.uk , 01509 223274 
 
Are there any exclusion criteria? 
 
Participants must be aged 18 or over. Children under the age of 18 cannot participate. 
 
Once I take part, can I change my mind? 
 
After you have read this information, you will be asked to signify your consent. However, if at 
any time after completing the questionnaire you wish to withdraw from the study please just 
contact the main investigator. You can withdraw at any time, for any reason and you will not be 
asked to explain your reasons for withdrawing. 
 
Will I be required to attend any sessions? 
 
No. You will only be required to complete the online questionnaire. 
 
What will I be asked to do? 
 
Complete all parts of the questionnaire. 
 
How long will it take? 
 
The questionnaire should take no longer than 15mins to complete. 
 
What personal information will be required from me? 
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Your age, gender, and details relating to your recreational exercise intentions and behaviour. 
 
Are there any risks in participating? 
 
No, there are no risks in participating. 
 
Will my taking part in this study be kept con dential? 
 
All data will be handled in line with the Data Protection Act (1998). All data will be coded and 
logged on a password protected computer; printed questionnaires will be stored in a locked 
cupboard. 
 
What will happen to the results of the study? 
 
The results will be utilised as data in a research project. To facilitate this, the project will be 
forwarded for publication in an appropriate journal. If you are uncomfortable with your 
anonymised data being utilised in this way, you have up to 2 months from your session date to 
withdraw your data if you feel this appropriate. After this period, if may be difficult to not utilise 
your data due to the anonymizing and aggregation process. All data will be retained for a period 
of 10 years. 
 
I have some more questions who should I contact? 
 
The main investigator (details above). 
 
What happens now? 
 
Once you have read this section and are happy to participate you should give your informed 
consent below. You will then be directed to the questionnaire. 
 
What if I am not happy with how the research was conducted? 
 
If you are not happy with how the research was conducted, please contact Ms Jackie Green, 
the Secretary for the University’s Ethics Approvals (Human Participants) Sub-Committee: 
Ms J Green, Research Office, Hazlerigg Building, Loughborough University, Epinal Way, 
Loughborough, LE11 3TU. Tel: 01509 222423. Email: J.A.Green@lboro.ac.uk 
The University also has a policy relating to Research Misconduct and Whistle Blowing which is 
available online at http://www.lboro.ac.uk/committees/ethics-approvals-humanparticipants/ 
additionalinformation/codesofpractice/. 
 
Informed Consent 
 
The purpose and details of this study have been explained to me. I understand that this study is 
designed to further scientific knowledge and that all procedures have been approved by the 
Loughborough University Ethics Approvals (Human Participants) Sub-Committee. 
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I have read and understood the information sheet and this consent passage 
 
I have been informed that if I have any questions about the study prior to participation that I can 
email Stephen Murphy at s.murphy2@lboro.ac.uk 
 
I understand that I am under no obligation to take part in the study, have the right to withdraw 
from this study at any stage for any reason, and will not be required to explain my reasons for 
withdrawing. 
I agree to take part in this study 
 
I understand that all the personal information I provide will be treated in strict confidence and 
will be kept anonymous and confidential to the researchers unless (under the statutory 
obligations of the agencies which the researchers are working with), it is judged that 
confidentiality will have to be breached for the safety of the participant or others or for audit by 
regulatory authorities. 
 
I agree for the data I provide to be securely archived at the end of the project. 
 
1. If you agree with the above statements, please state 'I agree’ 
____________ 
2. What is your gender? 
____________ 
3. What is your age? 
____________ 
Recreational exercise refers to any planned jog or run, gym session, exercise class, cross-fit or similar 
activities. This questionnaire does not concern daily physical activity (such as walking or cycling to 
work) or competitive sport. 
 
4. Please list the recreational exercise that you do (if you never do recreational 
exercise, please state ‘not applicable’): 
______________________________________________________________________________
________________________________________________________________________ 
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5. Please answer the following questions regarding your usual recreational 
exercise intentions: 
 
Not true at 
all 
  
Somewhat 
True 
  
Completely 
True 
I usually intend to 
exercise 
-3 -2 -1 0 1 2 3 
I usually plan to 
exercise 
-3 -2 -1 0 1 2 3 
I am usually 
determined to 
exercise 
-3 -2 -1 0 1 2 3 
 
6. We are interested in the reasons underlying peoples’ decisions to engage or not engage in 
recreational exercise. Using the scale below, please indicate to what extent each of the following 
items is true for you: 
 
 
Not true for 
me 
 
Sometimes 
true for me 
 
Very true 
for me 
It’s important to me to 
exercise regularly 
0 1 2 3 4 
I don’t see why I should 
have to exercise 
0 1 2 3 4 
I exercise because it’s 
fun 
0 1 2 3 4 
I feel guilty when I don’t 
exercise 
0 1 2 3 4 
I exercise because it is 
consistent with my life 
goals  
0 1 2 3 4 
I exercise because other 
people say I should 
0 1 2 3 4 
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I value the benefits of 
exercise 
0 1 2 3 4 
I can’t see why I should 
bother exercising 
0 1 2 3 4 
I enjoy my exercise 
sessions 
0 1 2 3 4 
I feel ashamed when I 
miss an exercise session 
0 1 2 3 4 
I consider exercise part 
of my identity 
0 1 2 3 4 
I take part in exercise 
because my 
friends/family/partner 
say I should 
0 1 2 3 4 
I think it is important to 
make the effort to 
exercise regularly 
0 1 2 3 4 
I don’t see the point in 
exercising 
0 1 2 3 4 
I find exercise a 
pleasurable activity 
0 1 2 3 4 
I feel like a failure when 
I haven’t exercised in a 
while 
0 1 2 3 4 
I consider exercise a 
fundamental part of who 
I am 
0 1 2 3 4 
I exercise because others 
will not be pleased with 
me if I don’t 
0 1 2 3 4 
I get restless if I don’t 
exercise regularly 
0 1 2 3 4 
I think exercising is a 
waste of time 
0 1 2 3 4 
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I get pleasure and 
satisfaction from 
participating in exercise 
0 1 2 3 4 
I would feel bad about 
myself if I was not 
making time to exercise 
0 1 2 3 4 
I consider exercise 
consistent with my 
values 
0 1 2 3 4 
I feel under pressure 
from my friends/family 
to exercise 
0 1 2 3 4 
 
7. Following intentions or plans to participate in recreational exercise, how often do you fail to 
do the activity or session? 
 
Never   
Some of 
the time 
 
 Almost all 
of the time 
1 2 3 4 5 6 7 
 
8. To what extent do you feel the following after you intended to take part in recreational 
exercise, but didn’t?: 
 
 Not at all Somewhat Moderately Very Much 
I feel calm 1 2 3 4 
I am tense 1 2 3 4 
I feel upset 1 2 3 4 
I am relaxed 1 2 3 4 
I feel content 1 2 3 4 
I am worried 1 2 3 4 
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9. To what extent do you feel the following after you intended to take part in recreational 
exercise, but didn’t?: 
 
 Very 
slightly or 
not at all 
   Extremely 
Guilty 1 2 3 4 5 
Ashamed 1 2 3 4 5 
Blameworthy 1 2 3 4 5 
Angry at self 1 2 3 4 5 
Disgusted with self 1 2 3 4 5 
Dissatisfied with self 1 2 3 4 5 
 
10. To what extent do you feel the following after you intended to take part in recreational 
exercise, but didn’t?: 
 
 Strongly 
Disagree 
   
Strongly 
Agree 
I feel relief 1 2 3 4 5 
I feel freed 1 2 3 4 5 
I feel very relieved 1 2 3 4 5 
The tension in my stomach is 
dissipated 
1 2 3 4 5 
I finally can breathe easy again 1 2 3 4 5 
I can finally laugh again 1 2 3 4 5 
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11. What are the main reasons for you not doing a recreational exercise session that you had 
planned to do? 
______________________________________________________________________________
______________________________________________________________________________
_____________________________________________________________________ 
 
Thank you for your participation. If you have any questions about any aspect of the study, please 
contact the main investigator Stephen Murphy on s.murphy2@lboro.ac.uk.  
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Appendix 2 
 
Online Preliminary and Daily Questionnaries (Study 2) 
 
Before you begin the questionnaire please read the following: 
 
Participant Information 
 
What is the purpose of the study? 
 
The aim of this study is to explore the link between your motivation, the extent to which you 
actually take part in planned exercise, and what you feel like when you don’t do exercise. 
 
Who is doing this research and why? 
 
Investigator 1 (Main investigator): Stephen Murphy, Loughborough University, Leicestershire, 
UK, LE11 3TU, s.murphy2@lboro.ac.uk 
 
Investigator 2: Dr Ian Taylor, Loughborough University, Leicestershire, UK, LE11 3TU, 
i.m.taylor@lboro.ac.uk, 01509 223274 
 
Investigator 3: Elizabeth Drysdale, Loughborough University, Leicestershire, UK, LE11 3TU, 
e.a.drysdale-16@student.lboro.ac.uk 
 
Are there any exclusion criteria? 
 
Participants must be aged 18 or over. Children under the age of 18 cannot participate. 
 
Once I take part, can I change my mind? 
 
Yes. After you have read this information and asked any questions you may have we will ask 
you to provide Informed Consent. However, if at any time before, during or after completing the 
questionnaires you wish to withdraw from the study please just contact the main investigator. 
You can withdraw at any time, for any reason and you will not be asked to explain your reasons 
for withdrawing. 
 
Will I be required to attend any sessions? 
 
No. 
 
What will I be asked to do? 
 
On one occasion you will complete a questionnaire measuring your motivation for exercise. You 
will then complete a second questionnaire (lasting approximately 30sec) each evening for a 
period of three weeks. This latter questionnaire will measure whether you do exercise, and how 
you feel when you do not do exercise. 
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How long will it take? 
 
The first questionnaire take approximately 1-2mins to complete. The second questionnaire takes 
approximately 30secs to complete. 
 
What personal information will be required from me? 
 
Your age, gender, and details relating to your recreational exercise intentions and behaviour. 
 
Are there any risks in participating? 
 
No, there are no risks in participating. 
 
Will my taking part in this study be kept confidential? 
 
All data will be handled in line with the Data Protection Act (1998). All data will be coded and 
logged on a password protected computer; completed questionnaires will be stored in a locked 
cupboard. 
 
What will happen to the results of the study? 
 
The results will be utilised as data in a research project. To facilitate this, the project will be 
forwarded for publication in an appropriate journal. If you are uncomfortable with your 
anonymized data being utilised in this way, you have up to 2 months from the completion of 
your final questionnaire to withdraw your data if you feel this appropriate. After this period, if 
may be difficult to not utilise your data due to the anonymizing and aggregation process. All data 
will be retained for a period of 10 years. 
 
I have some more questions who should I contact? 
 
The main investigator (details above). 
 
What happens now? 
 
Once you have read this information and gained answers to any queries you may have, you 
should complete all sections of this preliminary questionnaire (starting on the next page). 
Following completion of this questionnaire, you will be given directions for the completion of 
the remainder of this study. 
 
What if I am not happy with how the research was conducted? 
 
If you are not happy with how the research was conducted, please contact Ms Jackie Green, the 
Secretary for the University’s Ethics Approvals (Human Participants) Sub-Committee: 
 
Ms J Green, Research Office, Hazlerigg Building, Loughborough University, Epinal Way, 
Loughborough, LE11 3TU.  Tel: 01509 222423.  Email: J.A.Green@lboro.ac.uk 
  
 
138 
 
The University also has a policy relating to Research Misconduct and Whistle Blowing which is 
available online at http://www.lboro.ac.uk/committees/ethics-approvals-human-
participants/additionalinformation/codesofpractice/. 
 
Informed Consent 
 
 The purpose and details of this study have been explained to me. I understand that this 
study is designed to further scientific knowledge and that all procedures have been 
approved by the Loughborough University Ethics Approvals (Human Participants) Sub-
Committee. 
 
 I have read and understood the information sheet and this consent passage 
 
 I have been informed that if I have any questions about the study prior to participation 
that I can email Stephen Murphy at s.murphy2@lboro.ac.uk   
 
 I understand that I am under no obligation to take part in the study, have the right to 
withdraw from this study at any stage for any reason, and will not be required to explain 
my reasons for withdrawing. 
 
 I agree to take part in this study 
 
 I understand that all the personal information I provide will be treated in strict confidence 
and will be kept anonymous and confidential to the researchers unless (under the 
statutory obligations of the agencies which the researchers are working with), it is judged 
that confidentiality will have to be breached for the safety of the participant or others or 
for audit by regulatory authorities. 
 
 I agree for the data I provide to be securely archived at the end of the project. 
 
 
1. If you agree with the above statements, please state ‘I agree’ below: 
_________________ 
 
2. Please state your Participant Identification Number (this represents your initials, and date of 
birth. For instance, Adam Smith born on the 20th April 1980 would have the Participant 
Identification Number AS200480. This number will be used to match questionnaires over 
separate days): 
__________________ 
 
3. What is your gender? 
__________________ 
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4. What is your age? 
__________________ 
 
Recreational exercise refers to any planned jog or run, gym session, exercise class, cross-fit or 
similar activities. This questionnaire does not concern daily physical activity (such as walking or 
cycling to work) or competitive sport. 
 
 
5. We are interested in the reasons underlying peoples’ decisions to engage or not engage in 
recreational exercise. Using the scale below, please indicate to what extent each of the following 
items is true for you: 
  
 
Not true for 
me 
 
Sometimes 
true for me 
 
Very true 
for me 
It’s important to me to 
exercise regularly 
0 1 2 3 4 
I don’t see why I should 
have to exercise 
0 1 2 3 4 
I exercise because it’s 
fun 
0 1 2 3 4 
I feel guilty when I don’t 
exercise 
0 1 2 3 4 
I exercise because it is 
consistent with my life 
goals  
0 1 2 3 4 
I exercise because other 
people say I should 
0 1 2 3 4 
I value the benefits of 
exercise 
0 1 2 3 4 
I can’t see why I should 
bother exercising 
0 1 2 3 4 
I enjoy my exercise 
sessions 
0 1 2 3 4 
I feel ashamed when I 
miss an exercise session 
0 1 2 3 4 
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I consider exercise part 
of my identity 
0 1 2 3 4 
I take part in exercise 
because my 
friends/family/partner 
say I should 
0 1 2 3 4 
I think it is important to 
make the effort to 
exercise regularly 
0 1 2 3 4 
I don’t see the point in 
exercising 
0 1 2 3 4 
I find exercise a 
pleasurable activity 
0 1 2 3 4 
I feel like a failure when 
I haven’t exercised in a 
while 
0 1 2 3 4 
I consider exercise a 
fundamental part of who 
I am 
0 1 2 3 4 
I exercise because others 
will not be pleased with 
me if I don’t 
0 1 2 3 4 
I get restless if I don’t 
exercise regularly 
0 1 2 3 4 
I think exercising is a 
waste of time 
0 1 2 3 4 
I get pleasure and 
satisfaction from 
participating in exercise 
0 1 2 3 4 
I would feel bad about 
myself if I was not 
making time to exercise 
0 1 2 3 4 
I consider exercise 
consistent with my 
values 
0 1 2 3 4 
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I feel under pressure 
from my friends/family 
to exercise 
0 1 2 3 4 
 
Thank you for completing this questionnaire. The remainder of this study requires that you now 
complete a 30sec questionnaire each evening (using your smartphone or computer) for a period 
of 3 weeks. 
 
Please provide your email address below so an investigator can contact you with the appropriate 
information to complete the remainder of this study. 
 
Your email address: _________________________________________ 
 
Thank you for providing this information. An investigator will be in touch shortly. 
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Daily Diary Questionnaire 
 
 
1. Participant ID (initials & date of birth, i.e., KP180186) 
________________________ 
 
2. Day of the week 
________________________ 
 
 
Recreational exercise refers to any planned jog or run, gym session, exercise class, cross-fit or 
similar activities. This questionnaire does not concern daily physical activity (such as walking or 
cycling to work) or competitive sport. 
 
3. Did you do recreational exercise today? 
 
Yes  No 
 
(If yes, participants are guided directly to question 8) 
 
4. Did you plan to do recreational exercise today? 
 
Yes  No 
 
(If no, participants are guided directly to question 8) 
 
 
5. To what extent did you feel the following when you intended to exercise today, but didn’t? 
 
 Not at all    Moderately    Very Much 
I felt calm 1 2 3 4 5 6 7 8 9 
I was upset 1 2 3 4 5 6 7 8 9 
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6. To what extent did you feel the following when you intended to exercise today, but didn’t? 
 
 
Very 
slightly or 
not at all 
       Extremely 
Dissatisfied 
with self 
1 2 3 4 5 6 7 8 9 
Guilty 1 2 3 4 5 6 7 8 9 
 
7. To what extent did you feel the following when you intended to exercise today, but didn’t? 
 
 
Strongly 
Disagree 
       
Strongly 
Agree 
I felt relief 1 2 3 4 5 6 7 8 9 
I felt free 1 2 3 4 5 6 7 8 9 
 
8. Do you plan or intend to take part in a recreational exercise session tomorrow? 
 
Yes  No 
 
9. If you do plan on taking part in a recreational exercise session tomorrow, what type of 
exercise do you plan on doing? 
______________________________________________________________________________
______________________________________________________________________________
_____________________________________________________________________ 
 
 
Thank you for completing this questionnaire. 
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Appendix 3 
 
Participant Information Sheet (Study 3) 
 
Participant Information Sheet 
 
‘Cognitive and Physical Ability in University Students’ 
 
Investigator:           
 
 
 
 
 
 
What is the purpose of the study? 
The aim of this study is to explore the link between cognitive ability and physical activity in 
university students. 
 
Who is doing this research and why? 
The main investigator is Stephen Murphy, a Doctoral candidate in the School of Sport, Exercise, 
and Health Sciences at Loughborough University. 
 
Are there any exclusion criteria? 
Participants must be aged 18 or over, and be recreationally active. Children under the age of 18 
cannot participate.  
 
Once I take part, can I change my mind? 
Yes. After you have read this information and asked any questions you may have we will ask 
you to complete an Informed Consent Form. However, if at any time before, during or after the 
sessions you wish to withdraw from the study please just contact the main investigator. You can 
withdraw at any time, for any reason and you will not be asked to explain your reasons for 
withdrawing. 
 
Will I be required to attend any sessions and where will these be? 
Yes, you will only be required to attend one session lasting approximately 1hr and 5mins, the 
location of which will be the School of Sport, Exercise and Health Sciences. If you are unsure of 
this location, please ask the main investigator for more information.  
 
What will I be asked to do? 
Prior to the session, you will be asked to complete a consent form, followed by a questionnaire 
which will measure your physical activity behaviour. During the session, you will complete 
another questionnaire which will measure your mood, and then two tasks, the first which will 
measure language ability, and the second which will measure problem-solving ability. Upon 
completion, you will be required to complete one final questionnaire measuring your future 
behaviour. 
        Dr Ian Taylor, 
                     Loughborough University,  
                     Leicestershire, UK,  
                     LE11 3TU,  
        I.M.Taylor@lboro.ac.uk 
        01509 223274. 
 
Stephen Murphy, 
Loughborough University, 
Leicestershire, UK, 
LE11 3TU, 
s.murphy2@lboro.ac.uk 
 
  
 
145 
How long will it take? 
The session will last approximately 1hr and 5 minutes. 
 
 
What type of clothing should I wear? 
There is no requirement for particular clothing to be worn. 
 
What personal information will be required from me? 
Your age and gender, prior physical activity behaviour, and your future behaviour. 
 
Are there any risks in participating? 
No, there are no risks in participating. 
 
Will my taking part in this study be kept confidential? 
All data will be handled in line with the Data Protection Act (1998). All data will be coded and 
logged on a password protected computer; completed questionnaires will be stored in a locked 
cupboard. 
 
What will happen to the results of the study? 
The results will be utilised as data in a research project exploring the link between academic 
ability and physical activity. To facilitate this, the project will be forwarded for publication in an 
appropriate journal. If you are uncomfortable with your anonymized data being utilised in this 
way, you have up to 2 months from your session date to withdraw your data if you feel this 
appropriate. After this period, if may be difficult to not utilise your data due to the anonymizing 
and aggregation process. All data will be retained for a period of 10 years. 
 
What do I get for participating? 
You will gain a valuable insight into the methods researchers utilise to investigate potential link 
between academic ability and physical activity. The results of the study will be forwarded to you 
on request to facilitate this.  
 
I have some more questions who should I contact? 
The main investigator (details above). 
 
What happens now? 
Once you have read the participant information sheet and answered any queries you may have, 
you will be contacted by email to organise a time and date for your session. This will be at a 
time/day that is suitable for you. Within 24hrs of your session, you will be asked to firstly 
complete a consent form, and then a form detailing your physical activity behaviour. All 
completed forms should be brought with you to your session. 
 
What if I am not happy with how the research was conducted? 
If you are not happy with how the research was conducted, please contact Ms Jackie Green, the 
Secretary for the University’s Ethics Approvals (Human Participants) Sub-Committee: 
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Ms J Green, Research Office, Hazlerigg Building, Loughborough University, Epinal Way, 
Loughborough, LE11 3TU.  Tel: 01509 222423.  Email: J.A.Green@lboro.ac.uk 
 
The University also has a policy relating to Research Misconduct and Whistle Blowing which is 
available online at http://www.lboro.ac.uk/committees/ethics-approvals-human-
participants/additionalinformation/codesofpractice/. 
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Appendix 4 
 
Consent form (Study 3, 4, and 5) 
 
[‘Cognitive and Physical Ability in University Students’] 
 
 
INFORMED CONSENT FORM  
(to be completed after Participant Information Sheet has been read) 
 
Taking Part                                                                                                      Please initial box 
 
The purpose and details of this study have been explained to me.  I understand 
that this study is designed to further scientific knowledge and that all procedures 
have been approved by the Loughborough University Ethics Approvals (Human 
Participants) Sub-Committee. 
  
I have read and understood the information sheet and this consent form. 
  
I have had an opportunity to ask questions about my participation.  
  
I understand that I am under no obligation to take part in the study, have the right 
to withdraw from this study at any stage for any reason, and will not be required 
to explain my reasons for withdrawing. 
  
I agree to take part in this study.  
 
Use of Information 
 
I understand that all the personal information I provide will be treated in strict 
confidence and will be kept anonymous and confidential to the researchers unless 
(under the statutory obligations of the agencies which the researchers are working 
with), it is judged that confidentiality will have to be breached for the safety of the 
participant or others or for audit by regulatory authorities.   
  
I agree for the data I provide to be securely archived at the end of the project.  
  
 
  
 
________________________ _____________________ ________  
Name of participant [printed] Signature              Date 
 
__________________________ _______________________ _________  
Researcher  [printed] Signature                 Date 
 
  
 
148 
Appendix 5 
 
Godin Leisure-Time Exercise Questionnaire (Study 3 and 5) 
 
 
THE GODIN AND SHEPHARD LEISURE-TIME PHYSICAL-ACTIVITY 
QUESTIONNAIRE 
 
 
During a typical 7-day period (a week), how many times on the average do you do the following 
kinds of exercise for more than 15 minutes during your free time (write on each line the 
appropriate number). 
 
 Times per week 
STRENUOUS EXERCISE  
(HEART BEATS RAPIDLY) 
(e.g., running, jogging, hockey, football, 
soccer, squash, basketball, cross country 
skiing, judo, roller skating, vigorous 
swimming, vigorous long distance bicycling) 
________ 
MODERATE EXERCISE  
(NOT EXHAUSTING) 
(e.g., fast walking, baseball, tennis, easy 
bicycling, volleyball, badminton, easy 
swimming, alpine skiing, popular and folk 
dancing) 
________ 
MILD EXERCISE  
(MINIMAL EFFORT) 
(e.g., yoga, archery, fishing from river bank, 
bowling, horseshoeing, golf without using a 
cart, snow-mobiling, easy walking) 
________ 
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Appendix 6 
Modified Godin Leisure-Time Exercise Questionnaires (Study 3 and 4) 
 
 
AN ADAPTED VERSION OF THE GODIN AND SHEPHARD LEISURE-TIME 
PHYSICAL-ACTIVITY QUESTIONNAIRE 
 
 
During a typical 7-day period (a week), how many times on the average do you expect to do the 
following kinds of exercise for more than 15 minutes during your free time (write on each line 
the appropriate number). 
 
 Times per week 
STRENUOUS EXERCISE  
(HEART BEATS RAPIDLY) 
(e.g., running, jogging, hockey, football, 
soccer, squash, basketball, cross country 
skiing, judo, roller skating, vigorous 
swimming, vigorous long distance bicycling) 
________ 
MODERATE EXERCISE  
(NOT EXHAUSTING) 
(e.g., fast walking, baseball, tennis, easy 
bicycling, volleyball, badminton, easy 
swimming, alpine skiing, popular and folk 
dancing) 
________ 
MILD EXERCISE  
(MINIMAL EFFORT) 
(e.g., yoga, archery, fishing from river bank, 
bowling, horseshoeing, golf without using a 
cart, snow-mobiling, easy walking) 
________ 
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Appendix 7 
Brief Mood Introspection Scale (Study 3 and 4) 
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Appendix 8 
 
Scrambled-Sentence Instructions and Test (Study 3 and 4) 
 
The Scrambled-Sentence Test is a measure of language ability. 
 
You will be presented with 24 sentences, all of which are grammatically incorrect. Each sentence 
has five words, but they are ‘scrambled’, so as not to make any sense. Your job is to rearrange 
these sentences so they do make grammatical sense. However, you should not attempt to do this 
by rearranging all five words. Rather, you should use only four of these five words in order to 
make a grammatically correct sentence. To rearrange the words, you should place a 1, 2, 3, or 4 
above the word, appropriate to its position in the sentence. For example, the following sentence: 
‘complete, task, quickly, this, he’ would be rearranged by placing a ‘1’ above ‘quickly’, a ‘2’ 
above ‘complete’, a ‘3’ above ‘this’ and a ‘4’ above ‘task’. Take your time to make sure you 
don’t make any mistakes, but if you do, please clearly cross out the incorrect order. 
 
If you find a sentence can be completed in more than one way, only choose one option. Both 
ways will be correct if they make grammatical sense. If you, at any point, are having trouble 
rearranging a sentence, leave it and come back to it at a later point. Once you have completed the 
test, please press the bell on the desk to notify the experimenter you are finished. 
 
You should try and be as accurate and as fast as possible with this test. You will be timed how 
long it takes you to complete the test. Please practice using the two examples below, and press 
the bell once you have completed them: 
 
 
● too, important, has, accuracy, is 
● there, deliver, it, how, over 
 
Any questions you have regarding this test, please ask them now prior to starting the task. 
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(Controlling motivation prime) 
 
 
 
Scrambled-Sentence Test   Name___________________________             Date____________ 
 
were, here, they, somewhat, pressured  
 
always, on, focus, concept, task  
 
stops, it, here, now, bottle  
 
she, coerced, though, frequent, looks  
 
are, forced, likely, we, makes  
 
said, it, bright, it, all  
 
there, now, is, forget, it  
 
today, delaying, manipulated, I, felt  
 
obliged, was, he, continuity, similarly  
 
relevant, it, be, comparison, won’t  
 
happening, it, prevented, made, they  
 
known, well, and, is, it  
 
people, are, have, controlled, sometimes  
 
is, colour, distinguish, some, there  
 
occasionally, heavy, it, rain, snows  
 
pushed, we, together, have, were  
 
motives, repressed, were, cannot, our  
 
distinct, are, here, help, shops  
 
would, compelled, they, gain, feel  
 
it, week, train, every, months  
 
constrained, them, its, because, for  
 
hold, steady, calmer, now, it  
 
its, rough, is, covering, surface  
 
felt, restrained, he, again, it  
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(Autonomous motivation prime) 
 
 
 
 
Scrambled-Sentence Test   Name___________________________             Date____________ 
 
were, here, they, somewhat, volitional  
 
always, on, focus, concept, task  
 
stops, it, here, now, bottle  
 
she, authentic, though, frequent, looks  
 
are, valued, likely, we, makes  
 
said, it, bright, it, all  
 
there, now, is, forget, it  
 
today, delaying, engaged, I, felt  
 
autonomous, was, he, continuity, similarly  
 
relevant, it, be, comparison, won’t  
 
happening, it, voluntary, made, they  
 
known, well, and, is, it  
 
people, are, have, choice, sometimes  
 
is, colour, distinguish, some, there  
 
occasionally, heavy, it, rain, snows  
 
free-will, we, together, have, were  
 
motives, intrinsic, were, cannot, our  
 
distinct, are, here, help, shops  
 
would, freedom, they, gain, feel  
 
it, week, train, every, months  
 
optional, them, its, because, for  
 
hold, steady, calmer, now, it  
 
its, rough, is, covering, surface  
 
felt, internally, he, again, it 
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(Neutral prime) 
 
 
 
 
Scrambled-Sentence Test   Name___________________________             Date____________ 
 
were, here, they, somewhat, ready  
 
always, on, focus, concept, task  
 
stops, it, here, now, bottle  
 
she, athletic, though, frequent, looks  
 
are, coming, likely, we, makes  
 
said, it, bright, it, all  
 
there, now, is, forget, it  
 
today, delaying, distracted, I, felt  
 
asleep, was, he, continuity, similarly  
 
relevant, it, be, comparison, won’t  
 
happening, it, useful, made, they  
 
known, well, and, is, it  
 
people, are, have, intelligent, sometimes  
 
is, colour, distinguish, some, there  
 
occasionally, heavy, it, rain, snows  
 
taught, we, together, have, were  
 
motives, consistent, were, cannot, our  
 
distinct, are, here, help, shops  
 
would, hot, they, gain, feel  
 
it, week, train, every, months  
 
understandable, them, its, because, for  
 
hold, steady, calmer, now, it  
 
its, rough, is, covering, surface  
 
felt, normal, he, again, it  
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Appendix 9 
 
Tracing Task Figures (Study 3 and 4) 
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Appendix 10 
 
Participant Information Sheet (Study 4) 
 
Participant Information Sheet 
 
‘Cognitive and Physical Ability in University Students’ 
 
Investigator:           
 
 
 
 
 
 
What is the purpose of the study? 
The aim of this study is to explore the link between cognitive ability and physical activity in 
university students. 
 
Who is doing this research and why? 
The main investigator is Stephen Murphy, a Doctoral candidate in the School of Sport, Exercise, 
and Health Sciences at Loughborough University. 
 
Are there any exclusion criteria? 
Participants must be aged 18 or over. Children under the age of 18 cannot participate.  
 
Once I take part, can I change my mind? 
Yes. After you have read this information and asked any questions you may have we will ask 
you to complete an Informed Consent Form. However, if at any time before, during or after the 
sessions you wish to withdraw from the study please just contact the main investigator. You can 
withdraw at any time, for any reason and you will not be asked to explain your reasons for 
withdrawing. 
 
Will I be required to attend any sessions and where will these be? 
Yes, you will only be required to attend one session lasting approximately 1hr and 20mins, the 
location of which will be the School of Sport, Exercise and Health Sciences. If you are unsure of 
this location, please ask the main investigator for more information.  
 
What will I be asked to do? 
First, you will be asked to complete a consent form and a questionnaire to measure your mood. 
You will then be fitted with a Heart Rate Monitor (Polar Team Pro 2) which you will wear 
around the lower part of your chest. This monitor fits comfortably, and is no different to 
monitors used by the general populace during physical activity or sporting events. You will wear 
this for the duration of the session. Following, you will complete two tasks. The first will 
measure your language ability, while the second will measure your problem-solving ability. 
        Dr Ian Taylor, 
                     Loughborough University,  
                     Leicestershire, UK,  
                     LE11 3TU,  
        I.M.Taylor@lboro.ac.uk 
        01509 223274. 
 
Stephen Murphy, 
Loughborough University, 
Leicestershire, UK, 
LE11 3TU, 
s.murphy2@lboro.ac.uk 
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Upon finishing these you will complete a few brief questionnaires related to the tasks, and a 
measure of future behaviour. 
 
How long will it take? 
The session will last approximately 1hr and 20 minutes. 
 
What type of clothing should I wear? 
There is no requirement for particular clothing to be worn. 
 
What personal information will be required from me? 
Your age, gender, and details relating to your future behaviour. 
 
Are there any risks in participating? 
No, there are no risks in participating. 
 
Will my taking part in this study be kept confidential? 
All data will be handled in line with the Data Protection Act (1998). All data will be coded and 
logged on a password protected computer; completed questionnaires will be stored in a locked 
cupboard. 
 
What will happen to the results of the study? 
The results will be utilised as data in a research project exploring the link between academic 
ability and physical activity. To facilitate this, the project will be forwarded for publication in an 
appropriate journal. If you are uncomfortable with your anonymized data being utilised in this 
way, you have up to 2 months from your session date to withdraw your data if you feel this 
appropriate. After this period, if may be difficult to not utilise your data due to the anonymizing 
and aggregation process. All data will be retained for a period of 10 years. 
 
What do I get for participating? 
You will gain a valuable insight into the methods researchers utilise to investigate potential link 
between academic ability and physical activity. The results of the study will be forwarded to you 
on request to facilitate this.  
 
I have some more questions who should I contact? 
The main investigator (details above). 
 
What happens now? 
Once you have read the participant information sheet and answered any queries you may have, 
you will be contacted by email to organise a time and date for your session. This will be at a 
time/day that is suitable for you.  
 
What if I am not happy with how the research was conducted? 
If you are not happy with how the research was conducted, please contact Ms Jackie Green, the 
Secretary for the University’s Ethics Approvals (Human Participants) Sub-Committee: 
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Ms J Green, Research Office, Hazlerigg Building, Loughborough University, Epinal Way, 
Loughborough, LE11 3TU.  Tel: 01509 222423.  Email: J.A.Green@lboro.ac.uk 
 
The University also has a policy relating to Research Misconduct and Whistle Blowing which is 
available online at http://www.lboro.ac.uk/committees/ethics-approvals-human-
participants/additionalinformation/codesofpractice/. 
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Appendix 11 
 
Tracing Task Importance Questionnaire (Study 4) 
 
 
 
 
 
 
 
 
Regarding the tracing task, please circle to what extent you agree with the below statement: 
 
This activity is important for me 
 
1 2 3 4 5 6 7 
 
 
1: corresponds not all; 2: corresponds a very little; 3: corresponds a little; 4: corresponds 
moderately; 5: corresponds enough; 6: corresponds a lot; 7: corresponds exactly. 
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Appendix 12 
 
Mental Effort Questionnaire (Study 4) 
 
 
How much mental effort did you exert while performing the tracing 
task? 
 
 
0 Nothing at all  
0.3   
0.5 Extremely Weak Just Noticeable 
0.7   
1 Very Weak  
1.5   
2 Weak Light 
2.5   
3 Moderate  
4   
5 Strong Heavy 
6   
7 Very Strong  
8   
9   
10 Extremely Strong “Maximal” 
11   
ㄣ   
  Absolute Maximum Highest Possible 
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Appendix 13 
 
Situational Motivation Scale and Measure of Frustration (Study 4) 
 
 
 
 
How frustrated did you feel when performing the tracing task? 
 
Not at all 
Frustrated 
     Extremely 
Frustrated 
 
1 
 
 
2 
 
3 
 
4 
 
5 
 
6 
 
7 
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Appendix 14 
 
Funnelled Debriefing Questionnaire (Study 4) 
 
Study Questionnaire 
 
 
What do you think was the purpose of this experiment? 
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
__________________________________________________________________ 
 
Did you think any of the tasks were related in any way? 
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
__________________________________________________________________ 
 
Do you think any anything you done on one task affected what you done on the other? 
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
__________________________________________________________________ 
 
Have you ever seen or completed a Scrambled Sentence Test for another experiment? 
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
__________________________________________________________________ 
 
Do you remember any of the words from the Scrambled Sentence Test, or thought any of the 
words seemed unusual or distinctive? 
______________________________________________________________________________
______________________________________________________________________________
_____________________________________________________________________ 
___________________________________________________________________________ 
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Appendix 15 
 
International Physical Activity Questionnaire (Short-Form, Study 5) 
 
We are interested in finding out about the kinds of physical activities that people do as part of 
their everyday lives. The questions will ask you about the time you spent being physically 
active in the last 7 days. Please answer each question even if you do not consider yourself to 
be an active person. Please think about the activities you do at work, as part of your house and 
yard work, to get from place to place, and in your spare time for recreation, exercise or sport. 
 
Think about all the vigorous activities that you did in the last 7 days. Vigorous physical 
activities refer to activities that take hard physical effort and make you breathe much harder 
than normal. Think only about those physical activities that you did for at least 10 minutes at a 
time. 
 
1. During the last 7 days, on how many days did you do vigorous physical 
activities like heavy lifting, digging, aerobics, or fast bicycling? 
 
_____ days per week  
 
No vigorous physical activities     Skip to question 3 
 
2. How much time did you usually spend doing vigorous physical activities on one of 
those days? 
 
_____ hours per day 
 
_____ minutes per day  
 
Don’t know/Not sure 
 
 
Think about all the moderate activities that you did in the last 7 days. Moderate activities 
refer to activities that take moderate physical effort and make you breathe somewhat harder 
than normal. Think only about those physical activities that you did for at least 10 minutes at 
a time. 
 
 
3. During the last 7 days, on how many days did you do moderate physical activities like 
carrying light loads, bicycling at a regular pace, or doubles tennis? Do not include 
walking. 
 
_____ days per week  
 
No moderate physical activities     Skip to question 5
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4. How much time did you usually spend doing moderate physical activities on one of 
those days? 
 
_____ hours per day 
 
_____ minutes per day  
 
Don’t know/Not sure 
 
 
Think about the time you spent walking in the last 7 days . This includes at work and at home, 
walking to travel from place to place, and any other walking that you have done solely for 
recreation, sport, exercise, or leisure. 
 
5. During the last 7 days, on how many days did you walk for at least 10 minutes at a 
time? 
 
_____ days per week  
 
No walking     Skip to question 7 
 
 
6. How much time did you usually spend walking on one of those days? 
 
_____ hours per day 
 
_____ minutes per day  
 
Don’t know/Not sure 
 
 
The last question is about the time you spent sitting on weekdays during the last 7 days. 
Include time spent at work, at home, while doing course work and during leisure time. This may 
include time spent sitting at a desk, visiting friends, reading, or sitting or lying down to watch 
television. 
 
7. During the last 7 days, how much time did you spend sitting on a week day? 
 
_____ hours per day 
 
_____ minutes per day  
 
Don’t know/Not sure 
 
This is the end of the questionnaire, thank you for participating
  
 
168 
Appendix 16 
 
Participant Information Sheet and Health Questionnaire (Study 5) 
 
 
 ‘The effect of exercise-session type on exercise enjoyment’ 
 
Adult Participant Information Sheet 
 
Investigators Details: 
 
Stephen Murphy (Main Investigator), Loughborough University, Leicestershire, UK, LE11 
3TU, s.murphy2@lboro.ac.uk 
 
Dr Ian Taylor, Loughborough University, Leicestershire, UK, LE11 3TU, 
i.m.taylor.lboro.ac.uk , 01509 223274 
 
Dr Florence Kinnafick, Loughborough University, Leicestershire, UK, LE11 3TU, 
f.e.kinnafick@lboro.ac.uk, 01509 226364 
 
 
We would like to invite you to take part in our study. Before you decide we would like you to 
understand why the research is being done and what it would involve for you. One of our 
team will go through the information sheet with you and answer any questions you have. 
Talk to others about the study before making a decision if you wish. 
 
What is the purpose of the study? 
 
To investigate whether the type of exercise session individuals participate in (i.e., ‘Grit-
Attack’, ‘Testing-Tempo’) influence how enjoyable the session is. 
 
Who is doing this research and why? 
 
The main investigator is Stephen Murphy, a Doctoral Candidate in the School of Sport, 
Exercise, and Health Science (SSEHS) at Loughborough University. Stephen’s Doctoral 
Supervisor is Dr Ian Taylor, a Senior Lecturer in the SSEHS, Loughborough University. This 
study is part of a student research project supported by Loughborough University. 
 
Are there any exclusion criteria? 
 
Yes. Participants must be aged between 18-40 years, and physically capable of cycling at a 
self-selected pace for a period of thirty minutes. You must also meet criteria demonstrating 
your are minimally active. 
 
What will I be asked to do? 
 
Session 1 
 
First you complete a consent form and questionnaires that will measure your age, gender, 
ethnicity, current exercise behaviour, and your health status. Then you will be fitted with a 
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Polar Heart Rate Monitor which you will wear around the lower part of your chest. This 
monitor fits comfortably, and is no different to monitors used by the general populace during 
physical activity or sporting events. You will then complete a questionnaire measuring your 
exercise intentions, be allocated to a specific exercise session, and asked your reasons for 
doing exercise. Following this, you will cycle on a stationary bike for a period of thirty 
minutes. Although instruction will be provided via a digital screen during this cycling bout, 
the extent to which you cycle hard or easy is ultimately up to you. After the bout you will 
complete questionnaires measuring the amount of effort you put in and how enjoyable the 
session was for you. 
 
Session 2 
 
Session 2 will be identical to Session 1 with the exception that you will not complete a 
questionnaire measuring your demographic information.  
 
Is there anything I need to do before the sessions? 
 
Yes. Please do not consume food within 2hrs of your session, or exercise vigorously within 
24hrs of your session. Please also make sure you are fully hydrated upon arrival for each 
session. 
 
What type of clothing should I wear? 
 
Please wear clothing suitable for exercising on a stationary bike for a period of thirty 
minutes. 
 
Once I take part, can I change my mind? 
 
Yes.  After you have read this information and asked any questions you may have if you are 
happy to participate we will ask you to complete an Informed Consent Form, however if at 
any time, before, during or after the sessions you wish to withdraw from the study please just 
contact the main investigator.  You can withdraw at any time, for any reason and you will not 
be asked to explain your reasons for withdrawing. 
 
However, once the results of the study are aggregated (expected to be by August 2018), it 
will not be possible to withdraw your individual data from the research. 
 
Will I be required to attend any sessions and where will these be? 
 
You will be asked to attend two sessions in the National Centre for Sport and Exercise 
Medicine. 
 
How long will it take? 
 
Both sessions will last approximately one hour (two hours in total). 
 
What personal information will be required from me? 
 
Age, gender, ethnicity, health and physical activity status 
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What are the possible benefits of participating? 
 
Upon completion of both sessions you will be entered into a prize draw to win a £50 Amazon 
voucher. In addition, your participation will contribute to important research exploring 
factors which are likely to influence exercise behaviour. 
 
Are there any disadvantages or risks in participating? 
 
No, there are no risks in participating. 
 
Will my taking part in this study be kept confidential? 
 
All data will be handled in line with the Data Protection Act (1998). All data will be coded 
and logged on a password protected computer; completed questionnaires will be stored in a 
locked cupboard. 
 
I have some more questions; who should I contact? 
 
The main investigator (details at the top of this document) 
 
What will happen to the results of the study? 
 
The results will be utilised as data in a research project exploring whether the type of exercise 
session individuals participate in may influence exercise enjoyment. To facilitate this, the 
project will be forwarded for publication in an appropriate journal. If you are uncomfortable 
with your anonymized data being utilised in this way, you have up to 2 months from your 
session date to withdraw your data if you feel this appropriate. After this period, if may be 
difficult to not utilise your data due to the anonymizing and aggregation process. All data will 
be retained for a period of 10 years. 
 
What if I am not happy with how the research was conducted? 
 
If you are not happy with how the research was conducted, please contact the Secretary of the 
Ethics Approvals (Human Participants) Sub-Committee, Research Office, Hazlerigg 
Building, Loughborough University, Epinal Way, Loughborough, LE11 3TU.  Tel: 01509 
222423.  Email: researchpolicy@lboro.ac.uk 
 
The University also has policies relating to Research Misconduct and Whistle Blowing which 
are available online at http://www.lboro.ac.uk/committees/ethics-approvals-human-
participants/additionalinformation/codesofpractice/ . 
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Study: ‘The Effects of Exercise-Session Type on Exercise Enjoyment’ 
 
 
Name/Number ...............……. 
Male/Female  ...............……. 
Date of Birth ...............……. 
 
What is your ethnicity? 
Ethnic origin is not about nationality, place of birth or citizenship. It is about the group to which you 
perceive you belong. Please tick the appropriate box: 
 
White 
English       Welsh      Scottish     Northern Irish      Irish  British       Gypsy or Irish 
Traveller    Prefer not to say   
Any other white background, please write in:   
 
Mixed/multiple ethnic groups 
White and Black Caribbean     White and Black African   White and Asian  Prefer not to say 
    Any other mixed background, please write in:     
 
Asian/Asian British 
Indian       Pakistani        Bangladeshi      Chinese     Prefer not to say      
Any other Asian background, please write in:     
  
Black/ African/ Caribbean/ Black British 
African       Caribbean      Prefer not to say      
Any other Black/African/Caribbean background, please write in:    
 
Other ethnic group 
Arab      Prefer not to say      
Any other ethnic group, please write in:    
 
 
Health Screen Questionnaire for Study Volunteers 
 
As a volunteer participating in a research study, it is important that you are currently in good health 
and have had no significant medical problems in the past. This is (i) to ensure your own continuing 
well-being and (ii) to avoid the possibility of individual health issues confounding study outcomes. 
 
 
Please complete this brief questionnaire to confirm your fitness to participate: 
 
1. At present, do you have any health problem for which you are: 
(a) on medication, prescribed or otherwise .................... Yes  No  
(b) attending your general practitioner ........................... Yes  No  
(c) on a hospital waiting list ........................................... Yes  No  
 
2. In the past two years, have you had any illness or injury which required you to: 
(a) consult your GP ........................................................ Yes  No  
(b) attend a hospital outpatient department .................... Yes  No  
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(c) be admitted to hospital  ............................................. Yes  No  
 
3. Have you ever had any of the following: 
(a) Convulsions/epilepsy  ...............................................  Yes  No  
(b) Asthma  .....................................................................  Yes  No  
(c) Eczema  .....................................................................  Yes  No  
(d) Diabetes  ...................................................................  Yes  No  
(e) A blood disorder  ......................................................  Yes  No  
(f) Head injury  ..............................................................  Yes  No  
(g) Digestive problems  ..................................................  Yes  No  
(h) Heart problems/chest pains  .…………………… Yes  No  
(i) Problems with muscles, bones or joints     ................  Yes  No  
(j) Disturbance of balance/coordination  .......................  Yes  No  
(k) Numbness in hands or feet  .......................................  Yes  No  
(l) Disturbance of vision  ...............................................  Yes  No  
(m) Ear/hearing problems  ...............................................  Yes  No  
(n) Thyroid problems  .....................................................  Yes  No  
(o) Kidney or liver problems  .........................................  Yes  No  
(p) Problems with blood pressure  ..................................  Yes  No  
 
 
If YES to any question, please describe briefly if you wish (eg to confirm problem was/is short-
lived, insignificant or well controlled.) 
 
....................................................................................................................................................................
.......................................................................................................................................................... 
 
4. Smoking, physical activity and family history 
 
(a) Are you a current or recent (within the last six 
months) smoker? 
Yes  No  
(b) Are you physically active (30 minutes of moderate 
intensity, physical activity on at least 3 days each 
week for at least 3 months)?   
Yes  No  
(c) Has any, otherwise healthy, member of your family 
under the age of 35 died suddenly during or soon 
after exercise? 
Yes  No  
 
5. Allergy Information 
(a) Are you allergic to any food products? Yes  No  
(b) Are you allergic to any medicines? Yes  No  
(c) Are you allergic to plasters? Yes  No  
  
 
173 
(d)   Are you allergic to latex? Yes  No  
 
If YES to any of the above, please provide additional information on the allergy 
 
…………………………………………………………………………………………………
…………………………….. 
 
6. Additional questions for female participants 
(a) Are your periods normal/regular?  .............................  Yes  No  
(b) Are you on “the pill”?  ...............................................  Yes  No  
(c) Could you be pregnant?    ..........................................  Yes  No  
(d) Are you taking hormone replacement therapy 
(HRT)? 
Yes  No  
 
7. Are you currently involved in any other research studies at the University or elsewhere? 
 Yes  No  
If yes, please provide details.  
 
………………………………………………………………………………………………………
……… 
 
8. Please provide contact details of a suitable person for us to contact in the event of any incident 
or emergency. 
 
Name 
………………………………………………………………………………………………………. 
 
Telephone Number 
………………………………………………………………………………………. 
 
 Work  Home  Mobile  
 
Relationship to Participant 
………………………………………………………………….................... 
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Appendix 17 
 
Planned Effort and Actual Effort Scales (Study 5) 
 
‘Please record the intensity you plan on exercising at during the 
upcoming bout’ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6  
7 Very, very light 
8  
9 Very light 
10  
11 Fairly light 
12  
13 Somewhat hard 
14  
15 Hard 
16  
17 Very hard 
18  
19 Very, very hard 
20  
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‘Please record the intensity you exercised at during this bout’ 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6  
7 Very, very light 
8  
9 Very light 
10  
11 Fairly light 
12  
13 Somewhat hard 
14  
15 Hard 
16  
17 Very hard 
18  
19 Very, very hard 
20  
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Appendix 18 
 
Adapted Situation Motivation Scale and Perceived Choice (Q2) Measure (Study 5) 
 
Directions: Read each item carefully. Using the scale below, please circle the number that best 
describes the reason why you are currently engaged in this activity. Answer each item 
according to the following scale: 1: corresponds not all; 2: corresponds a very little; 3: 
corresponds a little; 4:corresponds moderately; 5: corresponds enough; 6: corresponds a lot; 7: 
corresponds exactly. 
Why are you currently engaged in this activity? 
1 
Because I think that this activity is 
interesting 
1 2 3 4 5 6 7 
2 
Because I was given a choice of which type 
of session I could do 
1 2 3 4 5 6 7 
3 Because I am doing it for my own good 1 2 3 4 5 6 7 
4 Because I would feel bad not doing it 1 2 3 4 5 6 7 
5 Because I am supposed to do it 1 2 3 4 5 6 7 
6 
There may be good reasons to do this 
activity, but personally I don’t see any 
1 2 3 4 5 6 7 
7 Because I think this activity is pleasant 1 2 3 4 5 6 7 
8 
Because I think that this activity is good for 
me 
1 2 3 4 5 6 7 
9 Because I would feel guilty not to do it 1 2 3 4 5 6 7 
10 Because it is something that I have to do 1 2 3 4 5 6 7 
11 
I do this activity but I am not sure if it is 
worth it 
1 2 3 4 5 6 7 
12 Because this activity is fun 1 2 3 4 5 6 7 
13 By personal decision 1 2 3 4 5 6 7 
14 Because I want to avoid feeling guilty 1 2 3 4 5 6 7 
15 Because I don’t have any choice 1 2 3 4 5 6 7 
16 
I don’t know; I don’t see what this activity 
brings me 
1 2 3 4 5 6 7 
17 Because I feel good when doing this activity 1 2 3 4 5 6 7 
18 
Because I believe that this activity is 
important for me 
1 2 3 4 5 6 7 
19 Because I would regret not doing it 1 2 3 4 5 6 7 
20 Because I feel that I have to do it 1 2 3 4 5 6 7 
21 
I do this activity, but I am not sure it is a 
good thing to pursue it 
1 2 3 4 5 6 7 
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Appendix 19 
 
Perceived Choice Importance (Q3, Study 5) 
 
Directions: Read each item carefully. Using the scale below, please circle the number that best 
describes the reason why you are currently engaged in this activity. Answer each item 
according to the following scale: 1: corresponds not all; 2: corresponds a very little; 3: 
corresponds a little; 4:corresponds moderately; 5: corresponds enough; 6: corresponds a lot; 7: 
corresponds exactly. 
 
It would be nice to… 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1 Cycle with music playing 1 2 3 4 5 6 7 
2 Cycle without guided instruction 1 2 3 4 5 6 7 
3 Cycle in one of the other three 
sessions instead of this one 
1 2 3 4 5 6 7 
4 Cycle without an experimenter 
present 
1 2 3 4 5 6 7 
5 Cycle whilst being provided with 
verbal encouragement 
1 2 3 4 5 6 7 
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Appendix 20 
 
8-item Physical Activity Enjoyment Scale (PACES, Study 5)  
 
 
 
‘Please rate how you feel at the moment about the exercise you have been 
doing’ 
 
 
I found it unpleasurable 1 2 3 4 5 6 7 I found it pleasurable 
It was a lot of fun 1 2 3 4 5 6 7 It was no fun at all 
It was very unpleasant 1 2 3 4 5 6 7 It was very pleasant 
It was not at all 
invigorating 
1 2 3 4 5 6 7 
It was very 
invigorating 
It was not at all gratifying 1 2 3 4 5 6 7 It was very gratifying 
It was not at all 
exhilarating 
1 2 3 4 5 6 7 
It was very 
exhilarating 
It was very stimulating 1 2 3 4 5 6 7 
It was not at all 
stimulating 
It was not refreshing at 
all 
1 2 3 4 5 6 7 It was very refreshing 
 
 
 
